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EXPERIMENTS ON THE AVAILABILITY OP 
PHOSPHATES AND POTASH IN SOILS. 


BY 

J. WALTER LEATHER, rli.D., fi.c., f.c.s., 

Imperial AgricnUnral Chemist. 

DiiRiNfl the years 1904 to 1906 plants have been cultivated 
hy pot-culture methods, with and without the aid of fertilizers, 
in a number of soils which have been brought from different 
[>arts of India. 

The principal object in view has been to test how far the 
chemical method, which was advanced by Dyer in 1894 for the 
estiniation of a sufficiehey or deficiency of phosj)hate or potash 
in soils {vide Trans. Chem. Soc., 65 ., 115-167, and Philos. Trans. 
Royal Soc., Series B., Vol. 194, pp. 235-290) is reliable generally. 
This method consists in the digestion of the soil at room tem- 
perature in a 1 .per cent, solution of citric acid for seven days, on six 
of which the mixture is agitated frequently The solution is then 
separated by filtration and the phosphoric acid and potash present 
in it iletermined. Although such a method is obviously empirical. 
Dyer standardized the value of its indications by means of a 
considerable number of soils of the Rothamsted Experiment 
Station, the agricultural value of which for certain crops is well 
known. The outcome of his work may be suitably quoted from 
the second of the papers named. “ The probable limit denoting 
phosphatic deficiency for cereals seems to he, as deduced from 
this investigation, between 01 and ’03 per cent, of citric-acid- 
soluble phosphoric acid in the surface .soil. That is to say, a 
percentage as low as 01 seems to denote an imperative demand 
for pho.sphatic manure, while as much .as 03 would .seem to 
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indicate that there is no such immediate necessity. For root crops, 
especially turnips, the limit would probably be higher.” (Page 269.) 
“ In the paper on the Hoos Field barley soils a tentative conclusion 
was drawn that the percentage of citric-acid-soluble potash in 
surface soil, indicative of potash hunger for cereals, would probably 
be below '005. On considering the results of the wheat so’l 
analyses and other results obtained in the interim by other wo.^kers 
who have applied the method to other soils known from other 
experience to be responsive to the influence of potassium salts, 
the author would now be inclined to modify this conclusion by 
suggesting that when a soil shows as much as ‘01 per cent, of 
citric-acid-soluble potash, by this process, it may be regarded as not 
demanding any special application of potassium salts.” (Page 275.) 

There is one point which must be referred to here. One 
of the first questions raised, after the publication of Dyer’s first 
paper, was in relation to calcareous soils. Obviously the calcium 
carbonate present in soils will forthwith react with the citric acid 
resulting in the formation of calcium citi ate and carbonic acid, 
and the soil is then in contact with a solution of these substances 
together with any exce.ss of citric acid. 

In order to illustrate the bearing of this point, the following 
figures show the quantities of calcium carbonate in a soil which 
neutralize each tenth part of the citric acid employed ; or since 
10 grms. of the acid are employed per 100 grms. of soil, the 
figures show the percentage of calcium carbonate neutralized 
by each I grm. of the acid. 


Citric acid. 




Calcium Carbonate. 

Gmis. 




Grms. 

1 


••• 

... 

... 1-43 

2 


••• 

... 

... 2-86 

3 




... 4-29 

4 


... 

... 

... 5-72 

5 


••• 

... 

... 715 

6 



... 

... 8*68 

7 



... 

... 1001 

8 


... 

... 

... 11*44 

9 


• •• 

... 

... 12*87 

10 


• •• 

... 

... 14*30 
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Thus even if the soil contains so high a proportion of calcium 
carbonate as 7'15 per cent., one half the citric acid remains, .and 
the majority of soils contain considerably less than this. The 
Rothamsted soil, on which Dr. Dyer worked, contaiTis only about 
3 per cent, of calcium carbonate, which would alter the composition 
of the acid solution in only a minor degree. 

Two of the soils which liavo been included in my experiments 
contained, however, upwards of 40 per cent, of cfilcium carbonate, 
Sind the citric acid becomes in such a case entirely neutralized. 

Dr. Dyer in a postscript to his first paper recommends that 
in such cases an additional quantity of citric acid corresponding 
to the quantity of calcium carbonate “ might reasonably be added 
to the solution.” If, however, this is done with these highly cal- 
careous soils, the soil constituents .are not merely ex])osed to a 
solution of citric acid, but citric acid plus a large amount of cal- 
cium citrate, and carbonic acid. And indeed an even more import- 
ant circumstance is the fact that the particles of calcium carbon- 
ate are entirely dissolved. Pho,sphate, which in such a soil may 
be present in the interior of those particles, is thus brought into 
actual contact with the solvent, whereas the idea underlying the 
use of the solvent is, that it will only be in contact with phosphates 
which are exposed to plant roots or soil-aqueous-solutions, i.e., 
to phosphates which are on the exterior of soil particles. It is 
hardly, therefore, to be expected that the same result will be ob- 
tained as if the soil particles remain as fiir as possible intact. The 
circumstance emphasizes a weak point in the method. The 
following figures show the difference in result obtained (a) by the 
use of the usual I per cent, solution, and {b) tliis solution plus the 
ex'tra citric acid, respectively : — 



By 1 per cent, citric 
acid. 

! 

By sufficient citric acid 
to neutralize the cal- 
cium carbonate plus 
the usual 1 per cent. 


P 2 O,. 

K 2 O. 

Pi0«. 

KsO. 

Seeraha soil containing 41*6 percent. Ca CO 3 

•001 

•008 

•019 

•043 

Pusasoil „ 38*63 ,, 

•0003 

•0062 

•0016 

•0085 
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It will bo seen presently that the Seeraha soil is certainly 
much in need of phosphatic manure, and that potassium sulphate 
produced positive effects in some cases. The Pusa soil has proved 
to he much in need of phosphates. If then the extraction had 
been made with the extra citric acid, the analysis would have 
indicated a very doubtful reejuirement of phosphates in the 
Seeraha soil, and certainly no requirement of potash. The- pot- 
cultures on the other hand leave no doubt that these soils respond 
to phosphatic manures, and the Seei’aha soil probably to potash. 

The literature on the subject includes two pajjers. One by 
T. B. Wood (Trans. Chem. Soc., 1896, 69, p. 290), where evi- 
dence is produced, showing that the use of the extra quantity of 
citric acid would have given a result indicative of a sufficiency of 
readily available phosphates, when in fact the soil responded to 
phosphatic manures ; the other by Cousins and Hammond (Ana- 
lyst, 1903, 28, 238), where the evidence indicates the desirability 
of using the extra citric acid. This latter evidence relates, however, 
to land bearing bananas, a crop so entirely different from cei-eals 
that a quite different “ limiting figure ” may be applicable. 

It is unfortunate that the conclusions on the subject are so 
contradictory. It seems to me preferable to adhere to the use ot 
the simple 1 per cent, solution, and if, when it is applied to any 
particular cla.ss of soils, the limiting figure for phosphate or 
potash, as proved by actual trials with plants, is shown to he 
different from that which Dyer deduced with the R(jthamsted 
soils, to then adopt this particular limiting figure. It is to be 
recollected that the method is not merely empirical, but that 
a limiting figure which is applicable to one desciiption of plant, 
will not necessarily apply to another plant of widely diftei'ent 
botanical character, period of growth, root range, etc. Dyer 
himself emphasized that the limiting figure he found would not 
necessarily apply to other crops than cereals, and “ that for root 
crops, especially turnips, the limit would probably be higher” 
{inde ante). 

It must be held to be a matter for regret that nearly all who 
have proposed methods for the estimation of available plant 
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food, have employed an acid as the solvent. Such solvents 
necessarily attack the surface of the particles in a manner wholly 
different from the neutral solutions present in the soil, and as 
has been pointed out, dissolve up particles of calcium carbonate 
entirely, thus exposing plant food to the solvent, which in the 
soil is present in the interior of particles. No doubt the quan- 
tity of material, which a neutral .solvent will dissolve, is much 
less than would be brought into solution by an acid solvent, and 
difficulties arise in the determination of such minute quantities, 
but the fundamental defect attaching to acid solvents neverthe- 
less remains. 

The soils which have been subject to experiment at Dehra 
Dun and (later) at Pusa, comprise the following ; — 



Containing 

Soil. 

Organic Nitro- 

vail able. 

Available, 


gen. 

R.O4 

K,0 


y 

/a 

7o 

Vc 

Dehra Dun ... 

•181 

•146 

•029 

Seeraha-Behar ... ... 

•046 

•001 

•008 

Pusa-Behar ... 

•06U 

•0003 

•006 

Shillong G ... 

•‘>>8 

•on 

•010 

„ B 

•I9:i 

•005 

•012 

Bangalore 

•W)9 

•0047 

•0023 

Godavari V ... 

•071 

•042 

•010 

M H j 

•084 

•on 

•(Mir) 


For cereals, which have so far been principally included, the 
Dehra Dun soil would bo considered sufficiently well supplied 
with phosphates and potash, and the Godavari V soil probably so ; 
the other six soils would be expected to respond to phosphates, 
and four, namely, Seeraha, Pusa, Bangalore and Godavari R 
to potash. 

The first two years’ experiments were made while the chemi- 
cal laboratory was at Dehra Dun, where the conditions for this 
class of work were in many respects opposed to accuracj^. Only 
a thatched hut was available, and the cultivation jars had to be 
moved by hand ; nor was any means available for maintaining the 
moisture very constant, such we now have. But the chief obstacle 
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proved to be rats and squirrels, which could not be kept away at 
night and damaged iii great measure many of the mature plants. 

In some of these cases an estimate of the weight of the 
entire plants was obtained when their number was reduced in 
each jar, and these figures aid in drawing conclusions. 

The experiments of 1906 made at Pusa were free from such 
untoward incidents and are in consequence more reliable. 

The details are set out in the following pages, but a graphic 
summary may be here inserted. If the sign + is employed to 
denote a positive result, whilst the sign — a negative one, ± 
w’here the outturn of grain is negative, but that of total dry 
matter positive, and ? where the indication is doubtful, the nett 
results will be .seen at a glance. 



Phosphate : 

Potash : 

Expected, 

Realized. 

Expected. 

Realized. 

Debra-Dun 





Sccraha Behar 

4- 

-t + ±-t 

? 

+ +4- 

Pusa-Bchar 

+ 

4- 

+ 


Shillong G 


+ 4- 


4 + 4 

.. H 

+ 

“ - 4’ 

- 


Bangalore 

+ 

+ + 4- 

+ 

- + - 

Godavari V 


- ± + 

- 

“ “ 4 

„ U 

+ 

i 

+ ± + 

4 

- ±± 


This representation shows that great dependence may be 
placed on Dyer’s method, as also his limiting figure for phosphates 
even in soils of a widely different nature. In the whole list, the 
cultivations have yielded a contradictory result in two cases. 
The Shillong B soil should have been benefited by phosphates, 
and if dependence were placed on the experiments at Pusa 
(carried out with the more perfect appliances), this exception 
would disappear. The Godavari V soil should hardly have 
responded to phosphatic manures, whilst it has done so to a greater 
or less extent. 

The effect of potash is similarly characterized by contradic- 
tory results in two cases. The Shillong G soil has shown a 
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positive result where it was hardly to he expected. Dyer’s test 
yielded ’0 1 % K,0 which is his limiting figure. The Bangalore 
.soil should have given a positive result with potash manure, but 
has done so with only one crop out of three. It is always to be 
recollected that neither Dr. Dyer nor other experimenters have 
advanced this method as an absolute one for determining whether 
it will pay to apply specific fertilizers. On the contrary, it has 
been regarded as one which must necessarily be employed with 
some caution. Our knowledge of the nature of the phosphates 
and the potash compounds which actually exist in the soil is most 
imperfect, and, as Hall and Amos (Trans. Chem. Soc., 1906, 89, 
p. 205), have pointed out, the amount of a soil constituent which 
passes into solution in a given time depends not only on its nature 
but also on its mass. Soils in different parts of India differ very 
widely in composition, and whilst wo may apply the 1 % solution 
to them without exception, it does not follow that the same 
limiting figure will apply equally to all. Finally, the nature of 
the plant which is grown must always play an important r6le 
in relation to this limiting figure. 

Nevertheless, and although I make these several reserva- 
tions, there cannot bo any doubt that the method is proving 
generally useful for ordinary agricultural land, enjoying a rotation 
of crops, one of which is usually a cereal, and that the limiting 
figure proposed by Dyer is much more generally applicable than 
might have been expected. 

The details of the experiments are set out in the following 
paragraphs. 

Dehra Dun Soil. 


This soil is derived from .shale and limestone of the Hima- 
layas and is a rich soil with excellent physical characteristics. 

The chief analytical data are as follows 

Per cent. 


CaCOg ... 

... 

... 

•41 

Total PjOg 


... 

... -366 

Available PA ... 

... 

... 

... 146 

Available K 3 O ... 

.• 

••• 

••• *022 

Organic Nitrogen ... 

•#. 

••• 

... *181 
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It was only employed in one season’s experiments 
when wheat and gram were grown. The outturns were as 
follows : — 


— — -- 




Weight of whole crops (grms.). 

^fanure. 

19a3-4 

19034 


Wheat. 

dram. 

Nil 

.37-6 

45 ’5 

Nitrate ... 

62-0 

4.5*0 

Nitrate and pho.sphate 

G4-3 

1 

43*0 


The same is set out graphically on the chart No. 1. 


The Seeraha Soil. 

This soil is representative of a large area in Behar and 
possesses two chief characteristics ; firstly, it consists entirely of 
very fine material, and like the whole Indo-Gangetic alluvium 
contains no stones ; secondly, about one-third of it is chalk. 

The following are the chief analytical data : — 


CaCO, ... ... .. ... 41-6 

Total PA - - ••• - '09^ 

Available P-A — ••• ••• ’001 

Available K,0 ... ... ... ... 008 

Organic Nitrogen ... ... ... ... *046 


It was employed during four .season.s, the crops being cereals 
in each case. The results are set out in the following statement 
and on chart No. 2, from which it is evident that both phosphate 
and potash had a definitely positive effect. 


Manure. 


NU 

Nitrate 

Nittateand phosphate 
Nitrate, phosphate and 
potash 


Weight of whole crop (grms.). Weight of (iRAiN (grms.). 


I 


1903-4 

1904 

1904-5 

190b 

1903-4 

1904 

1904-5 

190(5 

Wheat. 

Mnrwa, 

W heat. 

I Kodo. 

Wheat. 

Mnrwa, 

Wheat. 

Kodo. 

24 

13*3 

4-6 

24*7 

•7 

5*4 

1*6 

12*3 

2*1 

63*9 i 

11 -.5 

43*9 

•6 

20*4 

6*4 

22*7 

8*.3 

63*8 

•200 

62*4 

2*5 

26*9 

5*9 

.5)*0 

1 - 

80*3 i 

: 2G-5 

i 

! 


29*1 

7-9 
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The Pcsa Soil. 

This is similar in all respects to the Seeraha soil, but %vas 
first included in the experiments in the rainy season of 1 906. 

The chief analytical data are as follows : — 


(JaCOj 



... 

Total PaOg 

... 

... 

•10 

Available P.,Oi ... 



.. 0003 

Available K^O ... 

... 

... 

... 0002 

Organic Nitrogen ... 

... 


... 060 


The crop grown was Kodo (Paspalum scrobiculatum), and 
the yields were as follows 


^ fan 1 1 re. 


Weight of whoI<‘ 
crop (grins.). 


Weight of grnin 
(Rnns.). 


Nil 

Nitrate 

Nitrate and phosphate 


41*4 lH-7 

69*8 ; 20-8 

8(i-l 27*7 


Tlio chart No. 3 illustrates the .same result. The same soil 
has been utilized for similar experiments during the current 
season, wheat being the ct'op, and tlie effect of phosphate is even 
moi'c marked. The effect of potash was not tested in the rainy 
season of 1906, but judging by the present season s plants its (dfect 
will be negative. 


Banoalore Soil. 

This is derived from the latei’ite, and is consecpiently highly 
ferruginous. It holds only a low proportion of watei*. When 
wet, it drains readily, but at the same time contains so much 
plastic material, that it is adhesive when damj). The chief 
analytical data are : — 


CaOOj 


... 

... 

•066 

Total PaOj ... 


• • • 

... 

•052 

Available PtOs 


• •• 


•0047 

Available K^O 

... 


... 

0023 

Organic Nitrogen 

... 



059 
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Cultivations were made during three seasons, namely, the 
monsoons of 1904 and 1906 and the “ cold weather ” of 1904-05 ; 
the crops being Murwa (Eleusine coracana) in the former, wheat 
in the latter. The plants of the first two seasons were interfered 
with by the depredations of squirrels and rats, and ultimately the 
only dependable index of the effect of the manures was the estimat- 
ed weight of green plants at the time the number of plants in each 
jar was reduced. It is clear that the phosphate had produced a 
positive effect at this time, and the cultivations of 1906, which 
were free from such errors as the above, leave no doubt of this. 
The effect of potash has been however much less certain, although 
one might have anticipated a positive result. 

The weights of plants were as subjoined and the chart 
No. 4 refers to them also. 


Weight of crops (grms.). 


Manures, 

1904 

Murwa. 

1904-05 

Wheat, 

1906 

Murwa, 

NU 

] 

4-4 

•51 

10'6 

Nitrate 

415 

1-66 

39*1 

Nitrate and phosphate 

605 

1*88 

63-3 

Nitrate, phosphate and potash 

5-02 

2*08 

433 


Shillong Soils. 

Two soils had been received from Shillong, the one being 
considered good, the other distinctly infertile. Examination in 
the chemical laboratory revealed nothing which would account 
for such a difference. Apart from other characteristics, they have 
proved to be very similar in their productive powers, and the 
difference noticed at the place of origin has not at any time 
exhibited itself in my experiments ; both soils have proved to be 
very fertile. For purposes of differentiation their titles of “ good ” 
and “ bad ” have been retained. They are chiefly characterized 
by a high proportion of organic matter (3 '09 per cent, organic 
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carbon) and great waterholding capacity. The chief analytical 
data are as follows : — 



“Good^’ soil. 

“ Bad ” soil. 

CaCOg 

•088 

•025 

Total PaOj 

•069 

•059 

Available PaO$ 

•Oil 

•006 

Available K^O 

•010 

•012 

Organic Nitrogen 

•228 

•193 


+ 

Murwa was cultivated in the monsoons of 1904 and 1906, and 
wheat in the cold weather of 1904-5. Like the corresponding 
plants of the Bangalore soil, these suftered from attacks by rats 
when the wheat was ripening, and the only index remaining of the 
effeet of the fertilisers was the estimated weight of the green 
plants when the number in each jar was reduced. The effect of 
phosphates in these soils is doubtful, whereas it should have been 
positive in both. This may in part be due to the absence of 
nitrogenous manure. In other experiments it has frequently 
been observed that, even though a soil is deficient in available 
phosphate, a positive eftect of this plant food will only be realized 
if a nitrogenous fertilizer is added at the .same time. In such cases, 
however, there was likewise a deficiency of nitrogen in the soil, 
and the combined effect of the fertilizers has been just what is 
found on similarly characterized plots at Rothamsted and 
Woburn. But when these pot cultures were commenced, the 
anticipation was that the Shillong soils were so well supplied 
with nitrogenous organic matter that added nitrate would have 
little or no effect, and with the limited amount of soil available 
the distribution of fertilizers was made on this basis. Later, 
after the effect of the “ complete ” fertilizer was observed, it was 
too late to re-arrange the treatment. For several reasons the 
most reliable result is that obtained in the new pot culture house 
at Pusa, and with that season’s experiment phosphate had a 
distinctly positive effect. I consider it probable therefore that 
the indication provided by the analytical method in 1903 was 
correct and that phosphates would generally react positively with 
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thi.s .soil. The yields are as subjoined and are also illustrated by 
chart No. 5. 


Shillong Soils. 


Manuuks. 


Nil 

Phosphate 

Potash 

Phosphate, pota-sh ami 


Nil 

PliOHphafo 

Potash 

Phosphate, potash an<l 


nitrate 


iiitiate 


“tJooD.” j . “Bad.” 


1904 

1901-r. 

■| 

1900 1 

1 1901 

1901 f) 

1 1900 

1 Murwa. 

Wheat. 

Murwa. 

j Murwa, 

Wheat. 

1 Murwa. 


Wehjht of whole crop {f/rms,). 


ry 2*2 

3 P 8 

42-5 

-. 57 " 

32*4 

101 ' 56 " 

:^ L 7 

50*0 

• 53 ^^ ! 

41-8 

.> 7 '5 * 4 . 5 * 

43*2 

49-5 

• 54 * i 

31 1 

71 -7 * 80 ^ 

a 

1 

69*1 

''eiifhl of tf t 

1 56-2 

uiiti (ifruiH. 

1 •()()* 

). 

74*4 

167 

12-0 

151 ' 

1 

12’9 

16-1 

16*8 

15-6 


17*5 

19-2 1 

16-2 

14-7 


11*6 

30*0 

26*5 

19*7 


28-6 


* K<lnn »te(i weij^ht per plant on January ISlh. 


Thk Cjiodax ahi Soils. 

Th(^ soil ot* the (Jodavari Dolta is larjjfcly l)lack cotton soil 
of a vciy still* tenacious ty[)e and is probably allin iuin brought 
Iroui th (5 similar tracts of the Indian jilatoau. It was known that 
much of this land contained low proportitins ol* lime and phos- 
[)hate as determined in the laboratory, and suthcieiit earth was sent 
from two villages for tliree or four jars. But tliese jiortions con- 
tained rather moic phosphate than was aiitici|)ated. The follow- 
ing are the analyticcd data : 


Cn cm 

Total P.,0, 

Available F,0 , 
Available 1^,0 

Orj^anic Nitroj^en 


Vadlainur. 

Ka^auipeta. 

•179 

•134 

•143 

•119 

•042 , 

•Oil 

•010 

1 006 

•071 1 

•084 


Cultivations weie made during three seasons, and the yields are 
set out in the subjoined statement and on chart No. G. 
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Godavari Soils. 





Vadi.amdr. 

i 

j Ragamteta. 

Manuues, 


19(W 

19045 ; 

1906 

1004 1 

1 -1- 

1004-5 

loot) 



Murwa. 

Wheat. ! 

J 

Murwa. 

Murwa. 

I Wheat. 

Murwa. 




: 1 

Weiqht of inhole 

1 

crop {qrm 

.v.). 


Nitrate 


4;VS 

ISO ' 

570 

;i‘2*4 

220 

1 66-4 

Nitrate and plio.spbatc 



22*2 

s:{-() 

280 

20-0 

S.S-0 

Nitrate, phosphate and 

potash 

ll*h 

1 ‘iS-O 

S0*1 

2S0 

26-0 

77*2 




Wfiifjht of {frnhi [fjrms.). 



Nitrate ... 


7*5 

6-0 ' 

•24*0 

1 5*2 

1 0*2 

:UCi 

Nitrate and pliosphate 

• •• 

r>*9 

5*2 

:17*4 

7*1 

5*7 

:is-5 

Nitrate, phosphate an<l 

potash 

tiO 

4*0 

:m) 

1 6-2 

5*5 

31*1 

These soils 

llMVe 


the least dope 

iidahle 

data of 

any ill 


till! .serii's ; Vndlaiiiur ” .should hardly havo oiveii a po.sitivL' 
roactioii with iihospliate ; “ Kagampota ” should have dono so. 
As the data show, they havi? both reacted similarly, the fir.st cro|) 
was uegjitive. the .second douhtfully positive, the third distinctly 
positive. The latter, grown under the much more sati.sfactorv 
conditions at Pusa, is the mo.st reliable. 




RELATIVE YIELD— TOTAL CROP 




NITROGEN 






UJ 

h 

< 



^ ^ 't lO o 


NITROGEN, PHOSPHATE AND POTASH. 




CHART No. 5. 

SHILLONG SOILS. 
RELATIVE YIELD— TOTAL CROP. 



UJ 

QC 

D 

Z 

< 

S 

o 

z 


> 

Jl 

z 

0 

UJ 

h 

< 

1 
Q. 
CO 

0 

1 

a 


>• 

-I 

z 

o 

r 

(0 

< 

I- 

o 

0. 


UJ 

H 

< 

X 

CL 

CO 

0 

1 

a 


I 


!I!^ 



■"•THr 

".i! ,''i 


1 


*1 'iVl'' 



POTASH AND NITROGEN. 




RELATf^VE WEIGHT OF TOTAL CROP. 



NITROGEN, PHOSPHATE AND POTASH. 






JuJy^ 19U:L 


Chkmical Sebies. 
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Thk use of the leaves of the betel-vine as a inaferial for 
chewing is one of the peculiar practices of South Eastern Asia 
and especially of India, but in these countries it is nearly uni- 
versal. Hence the plant is grown in almost every province of 
India, and grown under very special and peculiar conditions. 
The betel-\ine, as is well known, is a creeper, grown always in 
intense shade, — the leaves being injured by exposure even for a 
short time to the sun, — with a continually, moist atmosphere. 
These necessary conditions indicate that it must be, as it is, a 
very intensive cultivation, calling for the laying out of large 
capital to establish a ‘ 'pan ’ (or betel-vine) garden, but one 
which yields, if successful, very large returns. The actual condi- 
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tions of cultivation have been often described,* and there is no 
need to repeat the description here. 

It might have been anticipated that a product grown on 
such a large scale, and forming such a common article of 
consumption in India would have been the frequent subject of 
chemical investigation. This has, however, not been the 
case and with the exception of chemical enquiries made in Java, 
in Germany, and also in Western Indiaf into the nature of the 
essential oil, veiy little has been done to elucidate the nature 
of the leaf or the causes which make it so highly valued. We 
have had the opportunity of investigating certain aspects of the 
chemistry and physiology of the leaves and betel-vine plants, 
and propose to consider the results which we have obtained up 
to date under the following heads : — 

I. The occurrence of nitrates in betel-vine leaves, and 
plants, and their relationship to the growth of their 
vine. 

II, The sugars, starch, tannin, essential oil and other 
normal constituents of the betel-vine and their 
relationship to the growth of the vine. 

III. The commercial bleaching of the betel- vino leaf, and 
the chemical changes by which it is accompanied. 


* Watt’s Ui(!tionury of tlip Kcoiioinic Products of India, Article Als(» 

Agricultural .Journal of India, Vol. \ V, pp. :id5— ;174; and I’oona A"rirultural (’ollc^/c Ma^ia/.inc, 
Vol 11, No. 2: Vol. IV, No. 1. 

t Kemp, quoted by Dymock, Warden k Hooper, Phjirnaacographica Iiulica. Part III, 

p. 188. 

Schimmol & Co, Leipzi^?. Semi-annual Reports, 18S7 (11, 31), 18&S (I, 8), lS8q (|. li ; ||, ♦;), 
1S90 (1. (>), 1891 (I, r, : IT, 5), 1893(11, 4), 1997 (II, 13). 

Kykniann. Berichte dcr Deutsdien ohom, Oesellachaft. Vol 22/2711) (1889). 

• Peekolt. riiarm. Rundselian. New Voik. 12 241 (1894). 
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I. 

The OccunBKNOE OF NniUTE.s IN Betel-vine Leaves and Plants, 

AND THEIR KeLATIONSHIP TO THE (jIroWTH OF THE ViNE. 

The occurrence of fairly large quantities of nitrates in the 
growing leaves of plants has hardly been known hitherto, and 
in the present case it was totally uusus[)ectod. Our investiga- 
tions simply, in fact, commenced with an attempt to ascertain 
the constituents, chiefly organic, which occur in the leaves and 
which are likely to play some part in the attractiveness of the 
leaves to an Indian palate. 

A large quantity of pan (betel-vine) leaves, as they are 
bought in the bazar, was dried in the sun for two days, when 
they could be coarsely powdered by rubbing with the hands. 
This material was then successively extracted with Petroleum 
Ether (B.P. 3.5‘’-5«° C.), Ether, Chloroform, Acetic Ether, and 
Alcohol. The percentages of the dry leaf extracted by these 
solvents were as follows : — - 


Solvt'iil. 

Extract. 
I*cr cont. 

J*et.i‘oleiiin Kthcr 

:i-38 

Ethor . . 

116 

Chloroform 

1-27 

Atretic* Ether 

•76 

Alcohol ..... 

6-61 

1313 


Sixteen hundred grammes of the dried leaves were then 
extracted by continuous percolation with hot alcohol, the tem- 
perature being maintained constant at GS ’C. by a water jacket. 
The extraction was continuous until the extract, at first dark 
green in colour, became colourle.s.s. This re(iuired about ten litres 
of alcohol. 

On standing, this extract deposited a considerable quantity of 
crystals on the sides and bottom of the ve.ssels in which the per- 
colated liquid was received. The whole of the liquid was, therefore. 
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filtered, the crystals extracted with water, in which they proved to 
be soluble, and recrystallised. The amount thus obtained weighed 
4-41 grammes or 0'26 per cent, of the original dried leaves. 

Much to our surprise this crystalline substance obtained 
directly by the extraction of betel-vine leaves with alcohol, 
proved to be nothing else than Potassium Nitrate. By con- 
centration of the filtrate from the first crop of crystals, and 
extraction of the residue with water, the actual amount of 
Potassium Nitrate obtained reached 1 P'J grammes or 0'74 per 
cent, of the original dried leaves. 

This'was a totall}? unexpected result. Nitrates oecu2‘ in 
minute quantities in many plant tissues, but there are hardly any 
cases where they exist in a proportion greater than OM per cent, 
of the dried tissue, and it seemed important to ascertaiti how far 
the occurrence was a constant one. 

Nitrates were therefore determined by direct estimation in 
the leaves b)’ Schloesing’s method. In order to do this it was 
only necessary to prepare a water extract of the leaves, and heat 
this, in the usual mannei’, in a current of carbon dioxide with 
ferrous chloride and sulphuric acid. The volume of* nitric oxide 
evolved gives a direct measure of the amount of nitrate and 
nitrite present. This has been done in a large number of cases 
with leaves taken from various {)art.s of the betel-vine. In the 
first series of determinations, three leaves were taken, on branches 
of the vine, from those neai'est the main stem of the vine and 
from those which were furthest Hwa3^ The results are shown in 
the table. 


Dato 


Dry 

mutter. 

I’otassiuni 

Potassium 

mi. 

Po,siti<»n of Leaves on Branch. 

Nitrate in 
Fresh Leave^^ 

Nitrate in 
Dry Leaves. 



Per cent. 

Per cent. 

Per cent. 

May 22nd 



36 


June 10th 

Leaves furthest from vine 

14*4 

•37 

2-62 

June 10th 

Leaves nearest vine 

160 

•42 

2*66 

June 17th 

Leaves furthest from vine 

12-8 

•26 

2*38 

July Sth 

Leaves fiirthe.st from vine 

12‘S 

•32 

2-50 

July 8th 

Leaves nearest vine 

14-0 

•36 

2*56 

Ju]y22tvl 

Leaves furthest from vine 

12*8 

•30 

2-32 

July22f)d 

Leaves nearest vine 

14*4 

•35 

2-40 
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This table shows that the actual quantity of Potassium 
Nitrate in the leaves is higher than was apparent from our 
original extracts. Calculated from the nitric acid found by 
Schloesing’s method on the fresh leaf the percentage naturally 
varies with the amount of moisture present in the leaves at that 
particular time, — but calculated on the dry matter, the amount 
seems fairly constant, and varies between 2 ’3 and 27 per cent, 
of the dry leaf. 

The existence of this nitrate constantly in the leaves of the 
betel-vine at once raised the question as to what purpose it could 
serve, and the first steps to ascertain this could only be taken by 
ascertaining its distribution in the plant. With this object, 
determinations of nitrate were made, by Schloesing’s method, 
from material taken from different parts of the vine plants. 


1 . — Conipariinm of the branches and the leaves growing on them. 



Branches. 

No. 

Potassium Nitrate in 


matter. 


Per cent. 

1 

2’55 

2 

2-13 


dry 


Leaves growing on the Branches. 
F’otassium Nitrate in dry 
matter. 


Per cent. 


201 


1-74 


These figures would indicate that the branches contain more 
nitrate than the leaves by about twenty-five per cent. 

2 . — Comparison of the carious leaves from the 
main vine stem. 

This comparison, as the following figures indicate, shows that 
the young tender leaves of the tips of the main vine contain a 
very small quantity of Nitrate, but as one proceeds further down 
the vine the percentage increases. Ten vines of nearly the same 
height were selected and the leaves growing on the main stem 
were sorted. The topmost four leaves were placed together for 
analysis, the next four together, and so on to the seventeenth 
leaf. 
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No. 


Potassium Nitrate 
on dry leaf* 


1 

1 

Per cent. 

1 

; Topmost four leaves 


*2 

/)th to 8th leaf from top 

1-.50 

5 i 

9th to 12th leaf from top 

1-50 

4 

iSth to 17th leaf from top 

2-05 


The leaves on the main vino are not much used for eliowin^. 


3 . — Comparisoiv of various bra)u:}ies, and of the leaves from 

these branches. 

Ten whole vines except the lowermost two feet were taken 
and divided into different parts. The two pairs of branches 
nearest the tip were placed together ; then the third pair of 
branches : then the fourth and so on. In each case the leaves on 
these branches were examined for nitrate separately from the 
branches themselves. The following table shows the I’esults ; — 


No. 

Number of BraiK'h 
(Counting from top.) 

Leaves on Branch, 
Potassium Nitrate 
on dry matter. 

Branches, 

Potassium Nitrate 
on dry matter. 



Per cent. 

Per cent. 

1 

l.st and 2iid branches 

1-66 

2-92 

2 

3rd branch 

193 

3-7(1 

.3 

4th do. .. ... ... 1 

213 1 

3 71 

4 

5th do. 

243 

3-82 

5 

6th do. 

2-22 

.3*76 

6 

7th do. 

210 

3-90 

7 

8th do. 

2-31 

3-93 

8 

9th do. 

2-01 

3-97 

9 

loth do. 

2-50 

3-26 


'fhis table shows clearly that the youngest leaves and 
branches do not contain so much nitrate as those which are moi-e 
mature. Among the mature leaves and branches there is not 
much change in the quantity, but the branches (stems) always 
contain very much more nitrate than the leaves themselves. 

4 . — ConiparisoH between various portions of the main vines. 

The portions of the vine were taken so that the stem between 
each pair of branches formed a sample. Thus the topmost 
portion of the stem to the origin of the second pair of branches 
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formed one sample, that between the second and third pair formed 
a second, that between the third and the fourth a third and so on. 
The results of analysis are indicated in the following table : — 


No. 

Position of Vine. 

Pota.M.sium Nitrate 
on dry leaf. 

1 

1 

Vine above the 2nd branches ... ... ( 

Per cent. 

4-46 

2 

Do. between 2nd & 3rd ,, ... ... | 

3*05 

3 

Do. do. 3rd & 4th ,, 

2-0 i 

4 

1 Do. do. 4th & 5th ,, .. ... ! 

2-00 

fi 

Do. do. 5th k 6th ,, ... 1 

2-19 

(i 

Do. do. 6th & 7th ,, ... 1 

201 

7 

Do do. 7th&Sth ... ... 1 

1*;50 

S 

Do. do. 8th & 9th ,, 

133 

9 

Do. do. 9th & 10th „ 

0-9S 

10 

Do. below 10th ,, 

j 

0*72 


These results are extremely curious. The younger stem 
contains far more nitrate than the lower })ortions, while ( rule 
coiniMrison '2) the leaves growing from the.se younger stems 
contain very little. To confirm the results, repetition of the 
examination of leaves from various parts of the main vine was 
undertaken. 

5 . — Conijutviaou of the rdrioos leures from the vine, stem. 

{Repetition of comparison No. 2). 


No. 

Leaves. 1 

l*otiiy.siuni Nitrate 
(on dry leaf.) 

1 

Topmost four leaves ... 


•68 

2 

.5th to 8th leaf from top 


1*66 

.3 

9th to 12th leaf from top 


1-94 

4 

13th to 16th leaf from top 


201 

5 

17th to 20th leaf from top 


2{)4 

6 

21st to 24th loaf from top 


2-lS 

7 

25th to 28th leaf from top 


2-17 


These figures confirm in every particular the former com- 
parison. 

The results brought out in these tables may be summarised 
as follows : — 

(1) All parts of the living betel-vine plant contain nitrates. 

(2) In the main stem, the amount * of nitrate increases 
towards the growing tip. 
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(3) In the leaves on the main stem, on the contrary, the 
younger leaves contain by far the least amount of nitrate. As 
the leaves mature, they, however, very rapidly reach what may 
be called a normal amount. 

(4) The youngest branches and the leaves growing thereon 
contain less nitrates than the mature ones. There is little 
difference between the various leaves and the various branches 
which have become mature. 

(5) In general, the stems contain more nitrate than the 
leaves. 

What then is the position of nitrate in the economy of the 
betel-vine plant i Of course, at the present stage it is impossible 
to do more than to put forward a few tentative suggestions, but 
it seems worth while to try and do this. In the first place 
it would seem that the nitrate in this case is absorbed direct 
from the root. Whether it is absorbed by the root, and trans- 
mitted without change, we do not know : on this point our 
figures give u.s no information. But it passes up the stems, and 
tends to concentrate in the upper part of the main stem. In 
the young and growing leaves and branches however, very rapid 
reduction of the nitrate takes place, and the quantity remaining 
is very small. The mature leaves seem to have very much less 
effect in reducing nitrates, though they have some. But the 
rapid reduction of the nitrates in the leaves and stems seems to 
be coincident with very active growth, such as occurs in young 
structures only. It might be hazarded that here we have, 
possibly, direct supply of nitrogen for growth to the leaves and 
shoots in the form of nitrates, and that in this case the reduction 
of the nitrate is done by the growing structure itself, instead of, 
as is usual, by the root ot the plant. This is at any rate the 
direction to which our results lead, but a good deal more work 
will be required before this can be stated with confidence. 
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II. 

The Scgar, Starch, Tannin and Essential Oil and other 
Normal Constitcents of the Betel-Vine and their 
Relationship to the Growth of the Vine. 

The original question which led to the present investigation 
was as to what is the cause of the use of the betel-vino leaf 
for chewing purposes. It was quickly found that no appreciable 
(juantity of an alkaloid was present in the leaf, and no active 
glucoside seemed to be present. To what extent, then, are the 
other constituents normal, and to what extent do they ditter in 
(luantity in the various parts of the betel-vine plant. This was 
the question which we placed before ourselves, and we resolved 
to investigate the following normal constituents : (1) the tannin ; 
(2) the sugars; (3) the starch ; (4) the ether e. x tract ; (5) the 
essential oil ; (G) the acidity ; and (7) the diastatic activity. J-’ut 
in this form, the inquiry has not proceeded very far, but the 
results we have obtained are at least suggestive. 

The methods of estimation of these various constituents 
were as follows 

(1) The sugars (reducing and non-reducing), and starch 
were determined almost exactly by the methods described by 
Brown and Morris in their account of their investigation of 
foliage leaves in 1893. In this the leaves are dried in an oven 
after placing them for a few minutes in chloroform vapour, or dip- 
ping them in alcohol — the latter by preference. The dried leaves 
are thoroughly powdered and extracted with other to remove 
chlorophyll and fats. A definite weight is then taken for the 
starch determination (10 grammes). This quantity is placed in 
a flask and digested with alcohol of about 80 per cent, strength 
for 24 hours at 40“ C. The alcohol is then poured ofi‘, and the 
extraction repeated. After the second extraction, the residue is 
repeatedly washed by decantation with warm alcohol, until the 
washings are free from colour. The residue from the alcohol 
treatment after drying is mixed with a little warm water, and 
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the mixture heated in a bath of boiling water to complete the 
gelatinisation of the starch. It is then cooled to 50“ C., and 
malt extract is added ( in which the sugar has been separately 
determined) and the conversion of the starch done for two hours 
at 50-55 ' C. The mixture is then raised to the boiling point, 
the solid matter removed by filtration and the cupric reducing 
{)ower of the filtrate determined in the usual manner. 

The original alcohol extract of the leaves, containing the 
sugars, is evaporated to drynes.s, after addition of a drop or two 
of ammonia to prevent possible inversion. The residue after 
addition of water is poured into a 100 cc. flask, 1 cc. of a strong 
solution of basic lead acetate added, and the whole made up to 
too cc. Basic lead acetate removes tannin and other matters 
which jnay interfere with sugar determination. The filtrate from 
the preci[)itate jjroduced by the basic lead acetate is treated with 
sulphuretted hydrogen, filtered and washed, and then evaporated 
to remove sulphuretted hydrogen. The liquid contains the sugars 
from the original ten grammes of loaves. The reducing sugars 
are determined in the solution by Fehling’s method volumetric- 
ally. The remaining solution is then treated with hydrochloric 
acid and kept on the water bath. After this the reducing power is 
again determined by Fehling’s .solution, and this giv'es a measure 
of the non-reducinij suuars. 

(2) The ether extract was determined by extracting the leaf 
dried in vueno in a Soxhlet extractor in the usual way. 

(3) The essential oil was determined by taking ten grammes 
of fresh leaves and distilling with steam from a separate vessel. 
The distillate obtained was shaken with ether five to .six times. 
The ether e.vtract was evaporated at the ordinary temperature, 
and the residue dried in a vaccum desiccator, and weights taketi 
until it becomes constant. 

( 1) The tannin. Two grammes of dried leaves or eight to 
ten grammes (jf fre.sh leaves were extracted three times for half to 
one hour with one hundred cubic centimeters of boiling water. 
The extract was filtered hot each time. The various portions of 
the filtrate were brought to the boil and the tannin precipitated by 
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the addition of twenty to tliirty cubic centimeters of copper acetate 
solution. The precipitate was filtered and the filtrate always 
appeared green with the exce.ss of copper acetate. The precipitate 
was washed, dried and burnt in a porcelain crucible. After cooling 
a little nitric acid is added and all the copper converted into cupric 
oxide by heating. The residue is copper oxide and one gramme 
of this is taken as equivalent of 1 •:tor> grammes of tannin. 

(5) Tn estimating the acidity one hundred grammes of the 
fresh leaves were taken, and soaked in .'>00 cc. of cold water for 
twenty hours. The acidity of the liquid was then determined by 
deeinormal .solution of caustic pota.sh, u.sing phenol phlhalein as 
indicator. 

(6) The (liastatic activity was <!sti]nated precisely by the 
method devised by Brown and Morris in 1H03 (/ )c. cif.). This is 
as follows : — Haifa gramme of the finely powdered air dried leaf 
was digested at 30" C. with 50 cc. of a 2 per cent, solution of 
soluble starch which had been previously prepared by the limited 
action of hydrochloric acid on starch according to the method of 
Lintner. The digestion of the mixture was carried on for exactly 
forty-eight hours, the danger of any appearance of micro-orga- 
nlsins being averted by employing chloroform at the rate 5 cc. 
per litre of starch solution. A duplicate experiment was made by 
taking the .same amount of leaf and starch solution, boiling tin* 
mixture for a minute or two and placing alongside the first solution. 
This solution was used for correcting the first solution for cupric 
reducing power of the sugars naturally contained in the leaf. 

The difference between the cupric reducing powers of the 
first and second solutions was a measure of the liydrolytic work 
done and it became possible when the time and all othei’ condi- 
tions remain constant to compare the relative diastatic activities 
in this way. 

The cupric reduction was calculated in all cases as maltost: 
and for purposes of comparison this was referred to one hundred 
grammes of the dry leaf so that the numbers indicating the 
relative dia.statie activity really represent the number of grammes 
of maltose which the diastase of one hundred grammes of leaf is 
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able to produce from soluble starch by hydrolysis in forty-eight 
hours at a temperature of 30"C. 

A number of betel-vine plants were taken and stripped of 
leaves at the same time, the leaves being divided into several lots, 
as follows 

Leaves fvmn the maiit, vine — 

(1) Leav'es from the topmost two feet of the main vine. 

(2) Leaves from two to four feet from the top of the main 

vine. 

(3) Leaves from four to six feet from the top of the main 

vine. 

Leaves freriit the hvanehes — 

(1) Leaves from all branches whose origin is within two 

feet of the top of the vine. 

(2) Leaves from all branches whose origin is from two to 

four feet from the top of the vine. 

(3) JiCaves from all branches whose origin is from four to 

six feet from the top of the vine. 

The vines used were not completely grown, their height being 
on the average, about nine feet. There are seldom any branches 
())• leaves within three feet of the ground, and so the analyses 
made included practically leaves from all [)arts of the vine. 

All the samples were taken at one time in the morning 
(10 A.M.). 

The results are indicated m the Ibllowing series of tables. 
All percentages (except where otherwise indicated) are on the dry 
leaves ; — 

1 . Siif/ars — 



Reducing 

Non-reducing 



.sugar s (as 

.sugars (as. 

Total sugars. 



.'Saccharose), 


1. Leaves from the main vine— 

Per cent. 

Per cent. 

Per cent. 

(1) Within two feet of tip 

1*60 

1*20 

2-80 

(2) 2 to 4 feet from tip 

(3) 4 to 6 feet from tip 

1-41 

1-55 

1-31 

MS 

. 2*72 

2-73 

11. Leaves from branches— 

3-17 

(1) Within 2 feet of tip of main vine 

2-48 

5-65 

(2) 2 to 4 feet from tip of main vine 

2-26 

M2 

3-;^ 

(3) 4 to 6 feet from tip of main vine 

1-86 

•59 

2*45 



MANN, SAHASRABUDDIIK AND PATWARDHAN. 


29 


So far as the leaves on the main vine are concerned, the 
aunount of both reducing and non-reducing sugars is very 
constant. But when the results from the branches are taken, 
there is a very marked difference. On the wliole, the total 
amout of sugars in the leaves on the braiiches is higher than in 
.those on the main stem, except with regard to the branches on 
the lower part of the vine, where the non-reducing sugars are 
very low indeed. But among the branches tliemselves, there is 
a very large difference. The upper branches that is to say the 
younger branches bear leaves with a very large sugar content, 
both reducing and non-reducing. Tins amount declines regularly 
as one proceeds lower and lower in the branches originating lower 
and lower in the creeper. The decline is proportionately greater 
in the non-reducing sugars tlian in tin' reducing sugars as the 
following figures indicate : — 


. . . -- — 


- 


Rod iicinf;^ 

Xon-rodiioiijf/ 


.'<ngars. 

Miliars. 

j 

For cent. 

Per cent. 

ir Leaves on brandies contain less than those on 

i 


the topmost brandies by 

‘i. Leaven on lower brandie.s contain lens than those on the 

287 I 

i 

r)4‘S 

topmost branches by ... ... 

i 

4i:i 

1 

7t>-2 


The meaning of this can best be discussed, perha})s, in (con- 
nection with the Hgures for the peix*entage of starch. 

2. Starch- 



Starch, j 

' J 

! 

[. Leaves from the main vine— 

I'or cent. 


1. Within two feet of tip 

11 


2. 2 to 4 feet from tip 

11 


3. 4 to G feet from tip 

1*0 


n.- Leaves from branches — 



1. Within two feet of tip of main vine 

1*2 


2. 2 to 4 feet from tip of main vine 

1*2 


4 to G feet from tip of main vine 

1*2 



Here wg^have an extraordinary constanc3^ The amount of 
starch hardly varies at all between the leaves in the main vine, 


© 
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and those on the branches, — and also between the leaves on the 
upper and lower parts of the vine, — when, it is understood, the 
leaves are collected in the morning. 

If we take tliese figures with those which have already been 
given for the sugars, they would simply seem to indicate that the 
physiological processes of metabolism are much more active in the 
younger leaves near the top of the plant than in the lower part. 
In both cases the starch is small in amount, as would be expected 
in the morning. The relationship between the reducing and 
non-reducing sugars in leaves from branches in ditferent parts of 
the vine seems significant of much more than this. On the 
branches from the upper part of the plants the non-reducing 
sugars in the leaves arc 7H'2 per cent, of the reducing sugars : on 
the middle branches the non-reducing sugars in the leaves are 
49'8 per cent, only of the reducing sugars ; on the lower branches, 
the non-reducing sugars are 317 per cent, oidy of the reducing 
sugars In othei’ words where absorption and metabolism aic 
most vigorous, in the early morning the non-reducing sugars 
are very large in proportion to the reducing sugars. This 
would .seem to be, on the whole, evidence that non-reducing 
sugar (say saccharo.se) is a first product of carbon dioxide 
absorption. 

3 . Ether Extract — | 

4 . Esi^ential Oil - - » 



Kther 

Kssentinl 


Kxtraet. 

Oil. 

I , LeaveM from tlie main vine — 

Per cent. 

Per cent. 

1. Within tv.’o feet of tip 

8*0 

1-6 

•J. 2 to 4 feet from tip 

s-.i 

1-2 

M. 4 to 6 feet from tip ... .. i 

1 

i 

1-1 

11. T^eave.s from the branches 



1. Within 2 feet of tip of main vine 

IT) 

1*8 

2. 2 to 4 feet from tip of main vine 

7*6 

1-0 

'A. 4 to b feet from tip of m.ain vine t 

8*4 

•8 


There is little to be remarked about the figures obtained 
for ether extract, nor would it he expected that anything of 
importance would become clear fiom an estimation of the 
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heterogenous mass of substances extracted by ether. The 
determination of essentia! oil gives results, however, of decided 
interest. The leaves from the upper part of the plant, in each 
case contain more essential oil than those in the lower part of 
the plant. This is particular!}^ marked in the leaves on the 
branches. While the leaves at the bottom of the main stem con- 
tain 70 per cent, of the essential oil in those near the top, the 
leaves on the lower branches only contain 44 per cent, of those 
on the branches near the top. The gradual diminution of essen- 
tial oil as one goes down the plant is interesting in view of the 
fact that young leaves near the top ol' the plant are not 
considered good for cliewing, though (as we shall see later), it is 
undoubtedly the essential oil which gives the leaves their chief 
value. There is evidentlv some other constituent or condition in 

%J 

the younger leaves which neutralises the eftect of the larger amount 
of essential oil. What this is, wo have no information at 
present. 

5. I'amiiu — 

When those investigations were commenced, we had an idea 
tl»at the astringency of the leaves had something to do with their 
value, and hence the estimation of that class of substances which 
may be taken together as ‘ tannin ’ was of very considerable 
interest. The figures obtained wore, liowcver, as follows : — 


'I'u nniii. 


r. Leave.s from the main vine — INt rent. 

(1) Within two feet of tip ... ' '97 

(2) 2 to 4 feet from tip ... ... .. T'Jt 

(3) 4 to 0 feet from tip ... ri7 

II. Leaves from the branches— 

(1) Within 2 feet of tip of main vino ... lit") 

(2) 2 to 4 feet from tip of main vine 1*30 

(3) 4 to 6 feet from tip of niain vine ... .1 I'll 


The figures obtained do not .show much variation in the 
amount of tannin in the different pcai'ts of the plant. But both 
the leaves from the main vine, and those from the branches do 
seem to indicate that the largest percentage of tannin sub- 
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.stances are contained in the leaves from the middle of the plant. 
The younger leaves do not appear to have acijuirod their maximum 
amount : the older ones seem to have lost some of vgjiat they 
once possessed.* This is curious from the fact that it is precisely 
the.se middle leaves which are most desired for chewing. The 
matter is one which demands further investigation, but, so fai', 
we have not been able to spare time for it. 

G. Acidity — 

Tlie acidity found in the leaf did not vary very much accord- 
ing to the part of the plant from which the leaf was taken. 
The actual figures reported represent the number of cubic centi- 
metres of caustic potash .solution of “ one-tenth normal ” strength 
required to neutralise the acidity of the leaf. They are as 
follows : - 


Acitlity. 


I. Leaves from the main vino— 

(1) Within two feet of tip 

(2) 2 to 4 feet from tip 
(.S) 4 to 0 feet from tip 

11, Leaves from the branches — 

(1) Within 2 feet of the tip of tlie main vine 

(2) 2 to 4 feet from tip of main vine 
(.*{) ( to 6 feet from tip of main vino 


(Cubic fontimetros of 

caustic potash re»jihrc(l 
for 100 f'ramme ; 
dry loaf). 


50 ce. 
00 ec. 
58 cc. 


50 cc. 
(i2 ce. 
00 cc. 


7. Diastatic Actirity — 

The figures which follow, indicate the number of grammes 
of starch which will be converted into maltose bj^ 100 grammes 
of the dried leaf in forty-eight hours. It will easily bo seen that 
this figure may be of importance in view of the general reputa- 
tion of betel-vine leaves as a digestive agent. The actual figures 


* These result.^ are interesting Nvhen compared with those obtained for tea, the only otlier 
plant wo know which has been investigated in this sense. In that plant tiic youngest leaves 
contain far thelarge.st fjunntity of tannin substances. 
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are as follows, the leaves being gathered in the morning, 
about 10 A.M. 


Diastatic Activity. 


I 

r. Leaves from the mam vine. ; 


(1) Within 2 feet of tip ... 

12S 

(2) 2 to 4 feet fi’om tip ... 

121 

(:^) 4 to 6 feet from tip ..*. 

... . 4*5 

Leaves from the branches. 

(1) Within 2 feet of tip of main vino 

14-3 

(2) 2 to 4 feet from tip of main vine 

S-5 

(H) 4 to 0 feet from tip of main vino 

7U 


It is difficult to see a relationship between the use for 
chewing and the diastatic activity. The lower, harder, and 
older leaves naturally contain less diastase, and arc recognised 
as unsuitable for use. The middle leaves are the best for 
chewing, — better than the younger leaves on the plant. This 
does not seem to correspond in any way with the diastatic 
activity. The diastase is far more variable than the amount of 
stai’ch on which it acts. 

Such are the general characters of the leaves obtained from 
dilferent parts of the betel-vine at the same time. The younger 
leaves on the jdant contain much more e.ssential oil, much more 
diastase, and much more sugars than those which are older. On 
the other hand the tannin does not vary in this direction. The 
leaves both on the middle branches and on the middle part of the 
main vine contain slightly the largest quantity of ‘ tannin.’ To go 
further than this in regard to the causes of the univer.sal use of 
betel- vine leaves and the reason for which they are eaten 
demands a comparison of leaves more or less highly appreciated. 
The study of the production ol the so-called ‘ bleached ’ leaves, 
which are about three times the value of ordinary green leaves, 
promised to give results in clearing up this question. Their 
study was, therefore, taken up in considerable detail. 
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III. 

The Commercial Bleaching of the Betel-Vine JjEaf, and the 
Chemical chan<ie.s bv which it is accompanied. 

It is well known that although the leave.s of the hotel- vine 
are oaten in their fresh condition in by far the majority of 
cases, yet this’ is not the state in which they are most appre- 
ciated, at any rate in Western India. When recpiired for special 
occasions or by those who can pay the extra price demanded, 
they are used in the bleached condition. That is to say, they 
are pri'pared in such a fashion that the larger part of the chloro- 
phyll apparently disappears, the leave.s become quite tough 
but flaccid, and the}' appear almost of the colour of leaves etio- 
lated by being grown in the absence of light. 

This process of bleaching betel-vine leaves has never, so 
far as wo can find, been the subject of any investigation. That 
storehouse of information. Watt’s Dictionary of the Economic 
Products of India, although it devotes seven pages * to the 
description of the leaves of the betel-vine, their preparation and 
their uses, does not oven mention the fact that they are bleached. 
The same is the case also with the same author’s more recent 
book on the Commercial Products of India, f and other authors 
are equally silent. And yet the proce.s.s is the basis of a very 
considerable industry carried on by a sjiecial class of people who 
keep their processes secret with very great care. Most of the 
people, at least in the neighbourhood of Poona, are Mohamedans 
called TdmhoH or more commonh' pan-bhadu'alati. 

The result of bleaching is a very great increase in the value 
of the leaves. The actual price paid for leaves of various kinds 
in the Poona bazaar for a number of mouths has been ascertained 
and is given in the table opposite. 

We have had the advantage of being allowed by one of the 
members of this community to follow his .system carefully, and 
are hence able to present here the actual methods which he 


♦ Vol, VI, Pnrt I, pajro 217 , 


j pa^^(*s s‘n - 




Price per 1,000 
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employs. We have also followed the process by analysis with ref- 
erence to several of the important con-stituents, and are able 
to give in addition an account of the variation in these consti- 
tuents throughout tlie process. 

The leaves of the betel-vine to be used for bleaching should 
best be obtained from a garden of at least three 3'^ears’ standing, 
and the best results are obtained with leaves from a garden 
four to .seven yeais old. This ensures that the vines are of 
older growth and the leaves well developed. These leaves 
.should not be very tender, or inferior results are obtained. In 
buying the leaves for bleaching,— for the bleachers arc always 
ditferent people from the grower.'^, — attention should be paid to 
the colour, especially in the case of leaves from vines which 
have been recently earthed up, and new growth i)roduced 
{iKioad leaves). The colour should be a dark green, lathcr 
darker than usual, and not on any account a light green or 
f/ajrtjH. These light coloured leaves are useless as they often 
rot during the bleaching proccs.s. The midrib should be prom- 
inent and the stalk and surface of the leaves should be rather 
rough to the touch. These are of course the ])ractical tests, 
but the eye of e.Kpericnce is quite sutticient to detect a good 
lot of leaves for the purpose. 

Not oidy, according to the growers, is the actual character 
of the leaves important, but the season in which they are taken. 
In the cold weather, and especially in the numths of November, 
December, and part of January the growth of the leaves is very 
slow and they give poor results when they are bleached. During 
this season the leaves rot rather than bleach. The comii'enee- 
ment of the hot weather gives the best results. From the end 
of March to May the coiling of the croo[)er.s takes [)lace, and 
at that time the most suitable leaves { junnwan) are available in 
smaller quantities and are very dear. In fact, all leaves are 
more scarce at this time of year than at any other. From May 
Diiward the new leaves [navati) begin to appear in the market. 
These are useless for bleaching until they become dark in colour 
with increasing age. Then they improve in quality. By July 
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they can be used for the purpose, and from August and onward 
they are quite in good condition like the junawan. 

The method of bleaching is as follows : One kudlan, or 
from fifty to seventy pounds of leaf is bleached at one time. 
This kudlan contains forty-one kavalis, each containing four 
hundred leaves, so that a contains about 1 G, 400 leaves. 

The packing of the leaves in the kudlan is peculiar, but quite 
systematic, and is exactly similar to that used in packing betel 
leaves for transit. The stalks of the leaves should be cut close 
to the base of the leaf. A special instrument is used for this 
purpose but scissors answer the same purpose. 

A large round basket from two to two and a half feet in 
diameter and twelve to eighteen inches high is selected and lined 
with matting. If a smaller number of leaves are to be bleached 
at once the height should be greater and the diameter less. There 
is nothing si)ecial in the form or material ol' the basket and a 
galvanised iron pot is often used. In this case, though the pro- 
cess is more rapid, a larger proportion of the leaves become 
rotten. In this case plantain leaves are spread at the sides 
and bottom of the vessel. 

Usually after lining the basket with matting and a few plan 
tain leaves inside this, water is sprinkled to wet these leaves. 
Then betel leaves with stalks duly cut off are arranged in layers, 
the leaves being almost vertical, but lying slightly over one 
another, the underside uppermost, as in the ordinary packing 
of such leaves for transit. Each layer is in the form of two 
or three circular rings of leaves. A vertical hole is reserved 
in the centre of convenient diameter to allow the hand when 
introduced to reach the bottom layer easily. This enables a 
constant watch to be kept over the process. The leaves in each 
layer usually amount to two thousand five hundred. After each 
layer is complete one to two pounds of water is sprinkled care- 
fully over all the leaves in the layer. In all ten to twelve 
pounds of water or fifteen pounds at the utmost are sprinkled 
over one kudlan of leaves, — at least, this is the quantity in the hot 
weather. In the rainy season the amount used is less, as the 
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leaves then are more watery, and reaches five to ten pounds in 
all. Experience, however, is said to be the only guide as to the 
exact amount to use : the larger the amount of water used, the 
more rapid is the bleaching. In this case, however, there is 
much more rotting among the leaves, and a slow bleaching is 
always preferred. These (luantitics apply to junatvan leaves : 
)tarati leaves require less water. Any excess of water gradually 
drains away. 

There are several other methods of wetting the leaves, and 
the manner in which it is done is evidently a matter of detail. 
Sprinkling, however, is considered best, as leading to a slow, 
normal bleaching, with very few i*otten leaves. 

The basket is then covered with a wet gunny bag and kept 
in a warm, ventilated place, — where there is no chance of sunshine. 
In this state the basket should be kept for three or four days 
according to season. On the third or fourth day the gunny bag 
is removed and the state of the leaves observed. They are 
examined to see whether the water added issufiicient or in excess, 
as also to note whether there has been any sudden rise in tempera- 
ture. After about eight days all the leaves are taken out, care- 
fully examined and any which have commenced to rot removed. 
If the colour of the leaf near the base becomes red or reddish 
brown, it should at once be rejected. A yellow colour or a 
turmeric colour anywhere on the leaf is very objectionable. 
Leaves with clear spots of this colour are also removed.^ 

At this stage there are a few leaves which have bleached 
properly and these arc taken out for use, and the remainder 
arranged in the kudtan as before. No more water is now added, 
but the plantain leaves at the bottom are again wetted. The 
whole mass may now be weighed and covered by a wet gunny 
bag as usual. 

The taking out and picking over is repeated every five or six 
days, and at every stage more leaves are bleached. If a longei’ 
time is allowed to elapse, a large number quickly become rotten. 

♦ This objectionable colour is classed as Indian yellow [Juhnv indie n) in the colour scale 
published by the Socictc francaiscs dcs chrysanthemiutes and prepared by 11, Oberthiir, 
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In the hot weather almost all that are likely to give good results 
have bleached in ten to twelve or fifteen days ; in the cold weather 
they are kept for fifteen to twenty days, or even longer 
than this, — and yellow rather than white leaves are usually 
obtained. 

The process of selecting and turning the leaves is considered 
extremely importaiit as after the first few days more and more of 
the leaves begin to rot, and this rotting (juickly spreads to the 
other leaves. If it is required, by continuous turning a large 
proportion of the leaves can be kept good for two months. 

The colour to be desired in the final product is that termed 
juunc soldi or sunllower yellow in the colour scale previously 
referred to. Highly bleached leaves sometimes reached an amber 
white (hlanc ainhre) on the same colour scale. Properly bleached 
leaves should be very soft, tender, of the proper colour, but very 
bright, clear of any stain as if rotting had commenced, and they 
should further increase in brightness on keeping. A brittle leaf 
is not liked, and leaves too highly bleached are objected to. 

The following is an account of an actual experimental bleach- 
inir under our observation. 

The bhati was set on June llth, 1911. 

The first turning out and selection took place on June 16th, 
1911. The leaves which showed an Indian yellow colour were 
throw'll aside for use at once. They are called ‘ dead ’ and are 
utterly useless for further keeping. The rotted ones w'erc tlu’own 
out as well as those w'hich had begun to turn brown at the base. 
Those W'hich had begun to turn brown at the tapering end were 
kept after removing the rotted part. Nearly ten per cent, of the 
leaves became useless for further bleaching. Practically no leaves 
showed any sign of real bleaching. Among navati leaves, there 
was no change at all except a duller appearance. 

The second, third, and fourth turnings which followed every 
fifth or sixth day were carried out in the same way. No further 
w'ater was applied except the wetting of the plantain leaves at 
the bottom of the basket, and of the gunny bag with which the 
Jcudtan was covered. The basket was kept in a cool place. The 
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colour showed progressive changes from the fresh green of the 
original leaves to a fully bleached colour. 

On the fifteenth day all the leaves were bleached, except 
those which had become rotten or were considered as unlikely to 
bleach if kept further. 

This was the process as carried out by the TamhoU and it 
seemed so simple that the next stop was to carry out the bleach- 
ing ourselves under conditions where the control could be more 
perfect and the process could be watched with greater care. 
Ijeaves were therefore brought troin a pun. garden packed in the 
ordinary hidlaii. The leaves contained in the kudlan and few 
others after removal of the stalks weighed twenty-three 
kilogrammes about, while the stalks removed weighed six 
kilogrammes. The number of leaves was approximately sixteen 
thousand. 

The hhali was started on November 1st, 1911, in a ba.sket of 
the form ordinarily used for this purpose. It was lined with 
plantain (vuwu/i) loave.s as usual at the bottom of the basket. 
Two pounds of water were reepured to moisten these. 

The leaves were then arranged in tlic usual W’ay, packed 
almost vertically side way.s, but slightly leaning over so that the 
lower side of the leaf faced ui)pcrmost. One jiound of water was 
spriidiled over each layer and thus five pounds for the whole b/tu/i 
of leaves. The whole was then covei’od by a wet gunny bag in the 
approved style to stop evaporation and, as the [teople saj', to main 
tain the temperature of the bhati as far as })o.ssible. The leaves 
when taken for the bleaching [)roce.ss were not dry as the kudlun 
containing leaves had been a short time ju'eviously soaked in 
water and hence very little water was rcfiuirod. The leaves 
were in excellent condition for bleaching. Four days later 
the leaves were all examined and repacked, not this time so 
much to pick out the bleached leaves as to see whether the 
water added was sufficient or in excess and also to see if there 
had been a sudden rise in tcmporaturc. 

This examination is stated to be necessary for if the water 
added bo too large in amount, the temperature rises, the leaves 
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become dark in colour, rot quickly and do not bleach well. If 
the amount of water is too small, the bleaching is uneven and 
the leaves are apt to dry, which is fatal. In the present case 
the leaves were rather dry and four pounds of water additional 
were added to the Mad. There was no change in the colour of 
the leaves and no great increase in temperature. 

On November 10th — ten days after the leaves were put to 
bleach — they were turned for the first time in order to remove the 
leaves wholly or partially rotten and others which were useless 
for further keeping, as well as any which may be already bleached. 
The following were the actual figures obtained : - 


November 101 1. 

Totiil Weight 

November Afh, 1911. 

Total Weight 

Leaves removed rotting 
Weight of leave.s remaining 

November \0t/i, 1911. 

Total Weight 

Leaves bleached and fit for use 
Leaves partially bleached 
Leaves not yet bleached 
Partly or wholly rotten and hen 
removed 


23,080 grammes. 


... 22,100 

180 grammes. 

22,220 


... 21,820 

1,130 grammes. 

1,:,10 

13,560 „ 

2,100 


The extent to which the decay had gone in the leaves 
removed rotting, was as follows 

Leaves rotten throughout ... 30 grammes. 

Leaves rotten at the tip only «t. 1,750 „ 

Leaves rotten at the stalk only ... 167 ,, 

Leaves, not rotten, but showing 

signs of incipient decay ... 543 ,, 


In rearranging the leaves the whole of the rotten and of the 
bleached leaves were I’emoved and .samples amounting respectively 
to 500 grammes of unbleached leaves and 90G grammes o 
partially bleached leaves were taken, and, as is usual, the layers 
which had previously been uppermost were put at the bottom. 
T.he total weight of leaves placed in the kudUin again was 16 ’7 8 
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kilos. As the temperature was low, the leaves were not again 
examined, turned and repacked until November 16th. This 
second turning with the third is supposed to give the best 
bleached leaves. The actual figures obtained of the second 
turning, i.e,, on November 16th are given below : — 

Norembcr 16^/^, ID 11. 

Total Weight ... ... ... ... 15,770 grammes. 

Leaves bleached and tit for use ... 3,020 grammes. 

Leaves not yet fully bleached and 
‘ tit for further keeping ... !>,320 „ 

Leaves partially or wholly rotten 2,530 ,, 

The extent to which the decay had gone in the leaves 
removed as rotting was as follows : 

Leaves rotten throughout ... 223 granmu'.s. 

Leaves rotten at the tip only ... 1,212 ,, 

Ijeaves rotten at the stalk only ... 080 ,, 

licaves not rotten, but showing 
signs of incipient decay ... .380 ,, 

In again rearranging the leaves the whole of the rotte?) 
leaves and of the bleached leaves were removed, and a sample 
amounting to 1,950 grammes of the unbleached leaves was taken 
out for examination. The total weight of leaves replaced in the 
hidlcin was 7,370 grammes. The next examination took place 
on November 21st, 1911, and rc.sultcd as follows : — 

November 2 1 si, 1911. 

Total Weight ... ... ... ••• e,7M griiiuiiieH. 

Ltiaves bleached and lit for uso ... .3,200 grammes. 

Leaves not yet fully bleached, and 
lit for further keeping ... 2,400 „ 

Leaves partially or wholly rotten 1,150 „ 

The extent to which the decay had gone in the leave.s 
removed as rotting was as follows : — 

Leaves rotten tliroughoiit ... 200 grammes. 

Leaves rotten at the tip only ... 600 „ 

Leaves rotten at the stalk only ... 450 ,, 

In arranging again the small quantity of loaves for further 
bleaching, care had specially to be taken to avoid the possibility 
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of drying. The total weight of leaves replaced in the huUwi 
was 2,700 grammes. They were again examined on November 
30th, as follows ; — 

November 30^/i, 19] 1. 

Total Weight ... ... ... ... 2,590 grammes. 

Leavc.s bleached and lit for use ... 1,170 grammes. 

Leaves not bleached and lit for 
further bleachiii" ... ••• 360 „ 

Leaves partially or wholly rotten 1,060 „ 

The extent to which the decay had gone in the leave, s 
removed as rotting was as follows : — 

Leaves rotten throughout ... 410 grammes. 

Leaves rotten at the tip <mly ... 130 ,, 

Leaves rotten at the stalk only ... ty20 „ 

Thi.s was the end of the process. The leaves which refuse 
to bleach can be sold cheaply as fresh leaves. Those which have 
rotten patches at the tip or the stalk have the rotten pieces re- 
moved, and are then sold as leaves of inferior (juality. 

The total result of this commercial bleaching of betel- vine 
leaves was as follows : — 

Original weight of leaven ... ... ... ^3,580 grammen 

(Leaves taken for samples ... .. 4,520 „ ) 

Actual weight of leaves obtained 
Leaves bleached and tit for use 
Leaves which did not bleach 
Leaves partly or wholly rotten 
Actual loss in weight during bleaching 

19,067 

The extent, taking the whole operation into account, to 
which the decay had gone in the leaves when removed was as 
follows ; — 

Leavc.'i rotten tliionghout ... ... ... 865 gramnips. 

■ Leaves rotten at tlie tip only ... ... 3,622 „ 

Leavos rotten at the stalk only ... ... 1,817 „ 

Loaves removed as showing incipient rotting ... 923 „ 

7,227 „ 

Of these all except the lirst would be saleable. 


19,060 
... 1(),210 

.f> 8,030 gramnie.s. 

360 ,, 

... 7,227 „ 

... 2,8.’j() „ 




I 

Toil'KIiATffRI! OF HhATI 

(idm nl 1 jiM. iivlij). 
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March 9th, 1912. The progres.s i.s shown by the following 
figures : — 

March 0/h, 1912. 


Total weight 


27,820 

grammes. 

MareJi 11///, 1912. 

Total weight 


27,070 

grammes. 

Leave.s showing signs of incipient rotting 

and hence removed 

670 

grammes. 


Weight of leaves remaining 

27,000 



March \ath, 1912. 

Total weight 


... 22,680 

n 

Leaves bleached and lit for use 

570 

grammes. 


Leave.s not bleached or partly lileached 

18,710 

o 


Partly or wliolly rotten 

3,400 

o 


Total weight of leaves retained after turning* 


... 17,680 

n 

March 2 Is'/, 1912. 

dotal weight 


... 16,230 

n 

Leaves bleached and lit fur use 

:!,500 

grammes. 



Leaves not bleaohcd and lit for furtliei* 


bleaching' ... ... 12,070 


Tartly or wholly rotten ... ... 060 

Total weight of leaves retained after tinning .. 0,980 

March 29///, 1912. 

Total weight ... ... ... 8,650 

Leaves bleached and lit for use ... 5,000 

Leaves not bleached or fit for further 
bleaching ... ... ... 2,150 

Partly or wholly rotten ... ... L500 


The total result of this commercial bleachin<jf of this lot of 

o 

bet el- vine leaves was as follows ; — 

Original weight ot leaves ... ... 27,820 grammes. 

(l.eaves taken for samples ... 3,420 ,, ) 

24,400 „ 

Actual weight of leaves obtained ... ... 17,450 „ 

Leaves bleached and lit for use ... 9,070 grarnraes. 

Leaves which were not bleached .. 2,150 „ 

Leaves pai tly or wholly rotten ... 6,230 „ 

Actual loss of weight during bleaching ... 6,950 „ 

24,400 „ 

* barge samples were lakyu iroin the leaves for tumlyses at turning, and hence there 
appears to be a vt‘i\v large loss. 




Temperatlre Chart of Pan Bhati 
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The extent, taking the whole operation into account, to 
which the decay had gone in the leaves when removed was as 
follows : — 


Leaves rotten throughout 

... r)r)4 grammes. 

Leaves rotten at the tip only 

3,042 

Leaves rotten at the stalk only 

510 

Tioaves removed as showing incipimit rotting 

2,096 


6,232 


Of these, as already remarked, all except the first lot would 
he saleable. 

At the end of all the operations wo have, in percentages, 


Unbleached leaves remaining 

123 

Bleached leaves 

520 

Partially or wholly rotten leaves ... 

30*7 

Tlio tennienituro records iti 

the above bhutt arc sliown in 

tlie table opposite : — 

In connection with these 

tein})erature records, it may be 

interesting to give figures indicat 

ing the lates of bleaching and 

of becoming rotten in the uppei’ layer ol‘ leaves, and in the 

remainder of the basket. 

March \blh, 

Bleaclu'd leaves t.. 

Upfier layer. Heiijainder of hh((h'. 

... 2-9 per cent. 2*4 per cent. 

Leaves not yet bleached 

85*3 per cent. 81 9 per cent. 

Leaves more or les.s rotten 

11 8 per cent. 15*7 per cent. 

March I01‘2. 

Bleached leaves ... 

Upper layer. Hcmaindei- of hlatti, 

... 51*2 j)er cent. 00*4 })er cent. 

Leaves not yet bleaclied 

29*2 per cent. 218 per cent. 

Leaves more or less rotten ... 

... IG 6 per cent. 17*8 per cent. 


These would seem to indicate that the higher temperatui e 
in the lower layers at the commencement of the process leads 
to an increase in the number of rotten leaves, but not to an 
increase in the amount of bleaching. At the latter part of the 
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proce.s.s, when there wa.s no difference of temperature, the 
bleaching went on a little more rapidly in the lower layer, s. 

The progre.ss of the bleaching proces.s was followed at every 
.stage by determination of the amount of the constituents which 
.seemed likely to be important as indicated in Part II of the 
present paper. The methods there indicated were adopted in 
th(i estimation. 

(1) Siujara . — The changes which occurred during the proce.ss 


D.itc, 

I'Jll. 


NoveiiilH*i‘ Ist ... 


Novciiibor loth 


i 
I 

Novomlifir Kith | 
NovoiuljiM' 2lst I 
NovoinW noth | 


[ in the following table 




Cliarivcter of 

Keducing 

sugarh. 

Non-redneing 

sugars. 

Total siipars 


Per cent. 

Per cent. 

Per cent. 

Kresh loaves 

0-43 

1*30 

1*73 

(f<) UuhloacliPd 

0-43 

070 

1*13 

\h) Partially bleachod 

0 W) 

0 r>i 

1 01 

(V) Bloaclicd 

U.S3 

(1*7)0 

1-32 

{a) Uiiblcachcd* 

Ood 

0*71 

1*21 

{h) lllcachcd 

0 83 

0-41 

1*24 

{a) Lhddeachcd* 

0 04 

040 

1 10 

{h) lileaohed 

0'82 

0 33 

1 17) 

(«) Unbleached 

070 

0*37 

' M3 

(h) lllearbed 

0*83 

1 

0*141 

M2 


‘ III this case .all leaves not hlcaclicil eiioti!;!! for removal, anil lit for further treatment 
have been classed as unbleached loaves. 


These results seem very delinite. There is a rapid loss of 
total sugars in the early part of the bleaching process. There- 
after the amount falls only very gradually. The character of the 
reducing sugars in the bleadied leaves is wonderfully constant. 
Thus we have 


Lk.wks. 

Ileducing 

Non-reducing 

'Putal .sugars. 


j <ngar.s 

.-^ugais. 


' Pe- c'^nt. 1 

Pcrcej)t. 

Per cent • 

After ten <lays bleaching 

... 1 i-s:.! i 

0 50 

1*32 

After sixteen tlay^? bleaching 

... ] (I SS 

0*41 

1 24 

After twenty-one days bleaching 

... 0-82 

0-33 

1*15 

After thirtj days bleaching ... 

... j o-8:i 

0*20 

112 


At all stages the reducing sugar seems to have reached a 
constant amount in the bleached leaves, the non-reducing sugar 
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being the constituent which gradually falls. At every stage, 
too, the leaves which have not bleached do not contain as much 


reducing sugar as, and do contain more non-reducing sugar than, 
the fully bleached leaves. The following figures from the leaves 


which did not bleach compare well 

witli those 

last given 

: — 

l.KAVKS. 

lleduoin^ 

sugars. 

Non ro( hieing ' 
sugars. 

'J’utal sugar 


Per cent. 

1 

; Percent. 

Per cent. 

After ten days bleatdiinj; 


1 0'70 

lid 

After sixiceii days bleachiii;' 

Out) 

0-71 

V2l 

After twenty one days bleaeli inj? 

0*(U 

i 0*4t» 

110 

After tliii ty days bleachin^^ 

0*7tj 

o-:i7 

ii.d 


At the end of the jjrocess it will be seen, however, that the 
character of tlie sugars in the leaves whieli refuse to bleaeli is 
gradually approaching that in the bleached leaves. It would 
appear, therefore, that with regard to the sugars an identical 
or similar reaction is taking place to that which has taken place 
in the bleached leaves, — but it goes on much more slowly. 

(2) Stinrh . — The changes in the amount of starch are as 
interesting as those which take place in the sugars. The following 
table gives the actual figures obtained : -- 


lAUc, 19U. ' 

Character uf -sample. 

►Starch. 

I’cr cent. 

November lat 

Fresh leaves 

;i*io 

i 

(a) Lrnbleache<l ... 

:i‘07 

November 10th ... 

(h) Partially bleached 

2-OU 

1 

(f?) Blenched 

*J*80 

November 10th ... | 

(rt) L'libleachcd* ... 

(6) Bleached 

*2*46 

1*92 

November -Ist ... | 

(a) Unbleached* .. 

{b) Bleached 

2-08 

1 .e 

November doth | 

(«) Unbleached* .. ... ' 

(b) Bleached 

! 1-52 

1*11 


* In til is case all leaves not bleach'd onou^di for removal, and tit fur further treatiiieiit, 
have been classctl as uubleaclitul leaves. 


The amount of starch gradually diminishes in all the leav^es, 
whether they are bleaching or no. The loss of starch, however, 
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ooes OH imicili fa.<<ter in the loaves which bleach than in tho.se which 

O 

refiiso to do so, nt any rate until the last stages of the process. 
At the second and third turning of the leaves a constant posi- 
tion ol‘ the starch seems almost to have been reached, — but 
this is shown not t(j be really the end of the process foi* a very 
considerable fiuther r(‘daction takes [)lace after the twentv- 
lirst dcxy. 

Taking th(‘ figures lor the sugars and the starch together we 
may say that in I he h/nili we are discussing 

(I) The reducing sugars lose to a constant amount in the 
bleached leaves. 

(i2) Tlui non-reducing sugars sullertMl a constant decrease 
during bleaching. 

(:3) The starch suffered a constant decrease during bleaching. 

(4) These changes invariably took place faster in th(‘ leaves 
whicli bleached easily than in those which would not do so. 

Though the exjieriinental l>hafl we have (|Uoted and for which 
we have given the results is the most compl(‘te we have made, 
these same points with regard to the sugars and starch seem to 
be indicated in othei* cases in which we have carried out the 
process. The I'ollowiiig are the figures obtained lor a hha/l 
worked from Heptembei’ 1st to i)th, 1911. In this case the 
leaves were narfifl, but were considered fit for bleaching. The 
leaves had been plucked several days before the blfu/.l was set. 
This, howev(n . is considered no disadvantage. The figures were 
as follows : — 


Dale, rni. 

September 1st 
Septembt'r 9ll’ 

September 14th 

September 19th 


Ch uMcter of -.ample. 

! 

Iloducinp: ! 

vno-.irs, i' 

Non -re- 
ducing' 

'I'otal 

siijrars. 

j Starch. 


I 



I 

j 

Per cent. 

IVr cent. 

Per cent. 

Per c. nt. 

Kresli leaves . . 

0:49 

On.-) 

p-94 

•JOl 

i<0 inibloacheil 

o-io 

O-nl 

0*91 

1*9(1 

[h) Bleached ... 


O-J.-) 

o-o:i 

1*04 

{'•) lTnbleachc<l 

()•;42 

0 ;i7 

! 0-09 

1*70 

(//) Bai tially bleache<l 

u-:u 

0'27 

j O-bl 

1 1 * 7:1 

(c) Bleached ... 

U-4l) 

o-;iu 

0-71 

1*61 

[a) Unbleached ,. j 


uif) ! 

0-Sl 

UK) 

{h) Bleached ... ... j 

9:i9 

o;i8 1 

1 

0-77 

UOl 
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Here, thougli tlic condition of the leaf at the beginning- 
with regard to tlie content of sugars and starcli precluded appa- 
lently the sticking results obtained with regard to the reduciug 
sugars in the former case, yet in nearly all other particulars the 
lesults agree with the conclusions above given. There is the 
reduction in the amount of starch, the reduction in the amount 
of non reducing sugars, taking place more rapidly, as a rule, in 
the bleached than in the unbleached heaves, and the fact that the 
l educing sugai’s do not decrease, '^ although they do not inci*ease 
as in the Ijhnti previously rcpoi ted. 

Idle results ol’ a thiid may also be reported, taken at 

an even more favourable season than th(‘ last two, and with 
jHiiaiViia leaves, considered specially suitable for bleaching. The 
hhaliwwH set on June 1 ;Uh, and lasted till June '27ih, and so far as 
sugars and starch were concerned, gave the following results : — 


Date, 

Kind id Ia.-iivc". 

lifdm ing 

Null K* 
dm.-ing 

'I’ot.d j 

■Sfn ri.-b , 

June l.jtli ... 

l^Vosli leave.s 

''\ig:\r'<. 

Per l eni. 

-agar'--. 

I't'f font. 

0 1)7 

HllglU’'.. j 

IV*r i t'iit. 
}\){) 

lV‘r 1 i*nt. 
1-7S 


1 {a) ITiibleaclied 

N (/>) Showing signs of bleach- 
ing 

0-7t 

0'(L> 

idG 

1-Si) 

June IGtli 

(l^l 

O-SJ 

: 

U70 

Jiineimh ... 

j i ^^/) l'nbleache<l . | 

(»•.“>(; 

t)!)7 

1 1 

i:n 

(!(/>) Bleached ... 

(lO'J ; 

trrd 

1(11 

I7ii 

June 

i {(() Unbleached and parti- 
al 1 ally bleaclied only ... 

tj(b) Bleached 

i 

o-ss < 

(>i:i 

i;n 

0 !)l 


t) IH) ! 

U-4t) 

irw 1 

0 

June ‘J7th 

( 1 (a) Unbleac.hcil and partly 
< ! bleached only 

0'7") 

O.T) 

1 10 

ll-SO 


(i (/A Bleached ... .. ! 

()1U> 


ILU 



Again the results are, on the whole, similar to what we have 
seen in the previous cases. 

(:>) Tannin. -We maj^ now turn to a consideration of what 
happens to the tannin during the process of bleaching. The 
method of estimation is, no doubt, an imperfect one, but it 
represents, at any rate, the changes taking place in a particular 
class of substances, if not in any one chemical individual. 

♦ Omitting tlie amiljsis of tlio bloach»!.l loaf mi September 1Mb uliicb seems peculiar, ami 
which we cannot account for. 
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(a) Hhati OH Nocernher LsY, 1911. 


Date. 

Kiiui of 


T.iunin. 

November lat 

Fre.sh leaves 


Per cent. 

2 -t)r> 

November lUth ...| 

{a) Unblcaeho<l 
(h) Partially bleaehe<l 
(r) Bleached ... 


2 90 

2-00 

1 m 

November Kitli ... | 

(a) Unbleached 

Ih) Bleached ... 


P84 

1*87 

November 'Jlst ...-j 

(a) Unbleached 
(h) Blea(‘hed ... 


210 

1 03 

November ... | 

(a) Unbleache<l 
{h) Bleached ... 


1«2 

1 89 

(1)) Hhali on Juno [:]t/n — These leaves were in excellent 


condition for bleachinof. 


Date, 1 

i 

Kind of 

Ijuiwcs. 

j Tannin. 

1 

June 

Fresh leaves 


! 

Por eciU. 

1*81 

Juno U)tli ... ...| 

{a) Unbleached 
(h) Partially bleached 


1-79 

170 

.Jim? bhh ...| 

{a) Unbleached 
[b) Bleached ... 


1-81 

1 92 

June I’Hr.l ... . j 

(o) Partially bleacheil 
{//) Bleached ... 


! 1-79 

j 2-07 

Juno 27th ... .. [ 

(«) Partially bleached 
{b) Bleached ... 


: 1*80 

; 2 03 

(c) lilutfi set on Septemher 1,*?/. -These leaves were of naval 

were considei ed good enough for bleaching. 

Date. 

Kind of 

Leave''’. 

1 Tannin. 

1 

September 1st 

Fresh leaves 


Per cent. 

I'Ol 

September tlth j 

(ii) Unbleached 
lb) Bleached ... 


; 1-05 

1*32 

September llth .. j 

i (a) Unbleached 
; ib) Partially bleached 
(c) Bleached ... 


1-03 

118 

1*30 

September 19th ...| 

(ti) Unbleached 
(f>) Bleached ... 

1 


1-10 

1 23 
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(cl) lihati set on Novemhcr VMh, with narati leaves usually 
considered as unfit for bleaching. They bleached very badly. 


Date. 

Kind of Leaves. 

'ranriin. 



I'or cent. 

November bSth 

Fresh narafi leaves 

3-26 

November 16th 

No chan^t* in colour 

. . • 2 03 

November 19th 

Loaves slijjjhtly chanjAiiif: in colour .. 

2 00 

November 23nl 

Loaves slightly changing in colour .. 

2.32 

November !27tli 

Leaves bleached 

2 IN 


Tliese results, taken as they are from leaves bleaching in 
various times of the year, and under very varying conditions do 
not seem to indicate any very large change in the percentage of 
tannin in the process. In fact the actual figures would seem to 
indicate no relationshii) between the bleaching and the pca’cent- 
age of tannin whatever. Certainly the extra value of the 
bleached leaves does not d(‘])en<l on any increase^ of‘ asti ingency 
due to increase in the amount of tannin. 

fludgcd from a wider standpoint, these figures do not ijidicale 
any tendency of the tannin to disa})pcar bj^ any pi’ocess of auto 
digestion in these leaves, separated as they are from their [)Iant, 
and yet still living, nor on the other hand do they indicate that 
the tannin is a waste product which they ])roduce, — or else one 
might expect under these conditions that the tannin would 
markedly increase. 

4. Ether Extract. ) 

5. Essential Oil. ) 

The figures which we can present with regard to the ethoi' 
extract and the essential oil date from more recent hhatis than 
those which have furnished the results for starch, sugar and 
tannin. The actual data here given are obtained trom the pro- 
cess set on March 9th, 1912, with jnnaivan leaves ol’ the best 
kind, most suitable for bleaching. 
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Date, VJV2. 


Kind (>f Leave;*. 


Etlior 
Extract. 
Per cent, 


I Essential Oil. 
I Per cent. 

I 


IMaich Otli 


Fresh leaves 


1.V7 j 1-2.3 


Maieli IMHi 


Max h 2Lst 


( {a) Unhlearhed loaves 
"s [h) Partly bleached leaves 
( P ) Bleached leaves 

( ((() Unbleached leaves 
] {h) Bleached leaves 


i:ci ! 

l-2« 

12*() i 

2*23 

net) i 

4 76 

i.s-.-) 

1-41 

13-7 

.')-20 


IMarch 24th 


f (a) Unbleached leaves 
■t i'd Bleached leaves 


11-;? 1-2S 

l.Sf) ' 4-20 


We sliall Iiavc no more to say with regard to the total ether 
exti'act. It evidently indicates nothing which is important from 
the present point of view. But the figures for the essential oil 
arc very striking indeed. During the bleaching process, — and 
ovidenUy intimately connected with the bleaching itself, there is 
a vei'v large increase in the amount of essential oil. In one case 
it actually becomes rour times as great in amount as it was in the 
original leaf, while in the leaves whicli refuse to bleach it remains 
almost constant in amount throughout. 

I'his result is, in accordance, of course with the view that 
the essential oil is the constituent which gives their main value 
to betel -vine leaves, l()r the bleached leaves are usually woi*th 
three times at least as much as the fresh leaves. " 

Considered as a point in plant phj'siology, it is diflicult to 
ex[)lain, but it might be worth while to draw attention again to 
the lact that one of us (H. \l. Alann) found a considerable in- 
(*r(‘ase in the essential oil of (he tea leaf during the “ withering ’ 
or ratluu’ ‘wilting’ process in tlie manufacture, which has certain 
analogies with the process of bleaching which w^e are dis- 
cussing. 

The increase in essential oil during ihe bleaching of the leaf 
w as s(' striking that it seemed worth while to see if a microscopi- 
cal examination of the leaf would indicate in what w'ay the in- 
crease in oil occurred. Sections of the fresh and bleached leaf 


\ 'Nf( idjovc for price;? in Pooriii Bazaar. 



MANX, SAHASHABUDDHK AND PATWAHDHAN. Oo 

wore, therefore tfiken, — and the following observations were 
made. 

Frci>h. [.caves . — In these there were two kinds of oil globules, 
one t 3 ^[)e nmeh larger than the other. The larger ones were 
transparent and seen in all parts of the leaf‘ and were about 0 I 
millimetre in diameter. The small ones were semi-transparent, 
and weie seen all over the surface, were ([uit(J eii'cular or elli})* 
lical, and were surrounded by chloro[)hyll grains, and were about 
0 | millimetre in diameter. 

BIcuclu'd [jcarcs. — In these the small oil globules had beeoim^ 

\ ery much more numercjus than belore, and were chairly seen all 
over the surface. The larger globules were not alTected, and 
their appearance and number remained very similar to what had 
been seen in fresh lea\’es. 

i). Acf(h//i . — The acidity, determined as [)r(.‘\ iously indicated 
and ex[)ress(‘d as the numljcr ol‘ cubic camtimetres of one-teidh 
normal (aiustic [)otash solution ixapiired to neutralise the acidity 
in one hundred grammes of leaves, is shown in the various stages 
of a typic^al hhnll in the following table : — 


D.ile, ion. 

K iirl "t la’.w 

i Ai-idil^ (;i«i :il 
; 'lc(iiiod). 

November l.st 


ii:?s 

Novoml/or lOtli 

j (</) Uiibloacbod 

(/<) Piirtiiilly blcacbo'l 
( (0 lilearhecl 

IDS II 
J)7(l 

r.joo 

Xovembci' KlOt 

j (^0 iai)>U;ar.bc<l 
\ ih) nieaniLMl 

.s:)i) 
i:)() 0 

Novciiib(3r *Jlst 

j (<(} 1 ) nbleacbotl 

1 (/>) nieachrtl 

.. 1 n;i*o 

i(il-(i 

November .‘lOth 

I (a) OnblftaelieW 

( (/>) Bleav-bod 

.. i n.vii 

IS(M) 


These figures are striking. The bleaching is accompanied by 
a very large increase r)f acidity, which becomes greater tli(‘ 
longer the time the bh^achitig lakes. In tlie leaves which do 
not bleiicli, the fUct of keeping lends to little or no increase in 
Hcidit3\ 
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7. Diastalic Acdrity. -T\\c following figures were obtained 
from a hhati conducted early in 1912 : — 


Date. 

1 Kind of heaves. I 

1 ! 

Diastatic 

activity.^ 

March 9th 

... j Fresh leaven 

2P8 


( , (n) Unbleached 
! (b) Partially bleached 

‘j:h4 

March l^tli 

ir)*.’i 


( ' (c) Pleached ... 

u-s 

March ’Jl.s-t 

j ! (rt) Unbleached 

! l(>*7 

1 i (fy) Pleached ... 

1 1 

March 24(h 

j 1 (n) Unbleached 
( j {h) Bleached ... 

i i:>’f) 

1 12-4 


There is evidently a rapid reduction in the diastatic activity 
of the 1 eaves during keeping under Ihe conditions of the hhafi, 
whether bleaching takes place or not. But this reduction is far 
more ia[)id, and goes much further when the bleacliing is taking 
place than when this is not the case. This is perha[)s what might 
be c.vpected. The leaf is dying, though in the present case the 
])rocess is very long, -and it is only natural that a product so 
characteristic of the living plant, and so intimately connected 
with the life processes of the leaf should be rapidly reduced 
during a ju’oecss like that of bleaching. 

8. Xifraies. The determination of nitrates in leaf during 
the process of bleaching has led to some very curious results, 
indicating that the proec.ss which goes on is by no means always 
(he same. In a hhati set in on August 5th, 1912, the following 
figures were obtained ; — 


Dato. 

Kind of l.eaves. 

Pota.'^sinin 

Nitrate, 

August 5th 

Fresh leave.s 

Per cent. 

1-07 

Auguj’t 8th 

Unbleached 

POfi 

August I2th 

( [ft] Unbleached 

J ib) Very slightly changed in colour 
j fc) Partially bleached 
( {</) Bleached (white)* 

1*0(1 

•99 

100 

•90 


* For a (Icriiiitioii of what is meant by these figures ride supra. 
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Kind of T.cavcs 


Poias.siiim 

Nitrate. 


August 17th 


f {a) Unblca<*hed 

J {h) Very sliohtly changed in colour 
J (c) Partially bleached 
( {tl) Pleached (white) ’ 


IN’r cent, 
•74 
•‘)5 
l-Of) 
lOy 


August 2'Jnd 


(o) Very slightly changed in colour 
(h) Partially bleached 

(c) Pleached (white) 

(d) P>leached (yellow) 


107 
1 -Oh 

117 

0-04 


August 'Juth 


'I 


{(i) Partially bleached 
{h) Pleached (white)" 
(c) Pleached lyellow)" 


0- ()S 

1- OO 
O-JO 


Per a definition of wlmt i< meant Oy the *'0 Hgure-j ndt' su|»r:r 


With the exception of one c;iso, o(‘ wliicli wo will spo;ik 
(lirectl}^ the effect of the process we are (liscus.sinjY on the 
quantity of* nitrates in the leaf seems very small indeed. The 
fresh leaves taken contaimMl slightly more than at almost any 
suhsequent stage of the process. 13iit the difference is small, and 
one might eonsidei* that in a normal bleaching process the nitrat(‘s 
remained nnaffee ted . 

In every bleaching process, however, -and more so in tin' 
cold weather when hleaeliing does not take [dace normally, — a few 
yellow leaves a])pear instead of white ones. They are looked on 
with great disfavour by the famho/is, and only command a very 
poor price in the market compared with those lighter in colour. 
We hai’dly suspected, however, liow' different was the process in 
the case ot those leaves until certain variations in tlie amount 
of nitrate in bleached leaves called niir attenlion to it. It was 
then found, in fact, that while the nearly white, normally bleaclied 
leaves contained about the sanuf (|uantity of nitratt's as the original 
leaves, in tlie yellow ones the nitrates had practicall}' disappeared. 
Thus in the above table we have 


August 22nd 
August 2r)tb 



J*or cent. 


j White leaves 

... 117 

IvNO. 

1 A’^ellow leaves 

... 004 

KNO 

i White leaves 

... \m 

k:n()< 

1 ^"ello^v leaves 

... 0-20 

KNOj 


These figures led to a closer investigation of the question 
in four cliffereiit bhulis with results given in the following table. 
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Wc liilve included tlic cxaiiiinatiou of .some , so-called (lojriya leave, s 
OF lea ve.s stated l)y the /aDi/a>/<s as not likely to bleach properly 
or at all : — 

I’OTASSUM NiTUATE. 


Frosli leaves (tit for 
Frosli lca\es (not tit for 

hleaehini^) 

TJleaclied loaves, white 
Ijleached loaves, yellow ... 


Fir.'-t ‘‘crie.c. 

Second .<ene.'^. 

j 'I’liird .‘icric.'^. 

1 Fourth seric.«. 

Cer cent. 

Per cent. 

Pci- cent. 

Per cent. 

1 •();■) 

0*90 

1-28 

1-S6 

117 

0-si 

0 SO 

107 

1 -()() 

()*SL» 

1 -iFi 

lL»;i 

0 no 


010 

O'lS 


Those figures coiiliriii, in every particular, the experinient 
first quoted. 

yueli are the results ohtained hy following the process of 
conversion of green Ixttel-vine leaves into the much more 
appreciated hleached leaves. In summary wo may say that the 
process is accompanied 

(1) by a very large inci’ease in the amount of essential oil ; 

{'!) by a very eonsiderable increase in the acidity ; 

(o) bv a disap[)earanee of a large part ol the staieh and 
non -reducing sugars,-- a disappearance whitdi, hf)w- 
evei’, is nevtu’ (;om[)lete ; 

(-1) usually hy an iiiei’ease in tlie amount of reducing sugar ; 

(a) hy no large change in the percentage of tannin ; 

((i) hy no large change in the amount of nitrates in normally 
(white) hleached leaves, while the nitrates almost 
entirely disappear in the heaves which turn yellow 
during the process : 

(7) Igy a large decrease in the amount of diastase. 

Aerj(>x OF vARioes (jases, V^afouhs, etc., on the 
l^LEAcniNo Process. 

At this stage it seemed possible that wo might reach a 
better understanding of the bleaching process, and hence of the 
hetel-vine leaf itselt if we attempted to bleach the leaves in 
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presence of certain gases, or vapours, — or if tliey would not 
bleach, by leaving them in contact with such materials. In order 
to carry this out, a few leaves, usuallj^ five, were placed in a dish 
under a bell jar inside which the air was kept saturated with 
moisture by standing the bell jar in a dish of water. In the 
first experiments there was, in spite of all, a great tendency 
in the leaves to dry up. To avoid this, they were afterwards 
dipped in water before the exp(;riment was started. 

In the (ii*st instance, the changes in appearance pro- 
duced by a number ol‘ strong re agents were noticed for later 
guidance. The notes made regarding some of these are as 
follows 

.Irr and ITo/er. — No change was appai*ent eithei* in colour 
o]' othei’wise to the end of the second day. but on the third the 
fresh green colour was fading, and giving rise to a faint yellowish 
appearance. The following day the same chang(3 was progress- 
ing and bleaching had b(‘gun. On th(3 fifth day, the leav(\s wore 
half bleached to a more yellow tint than is normal, while a day 
later some of the leav(\s were mor(' or less bleached, while they 
had begun to dry at th(3 edge^. 

Iljldrof/rn (ras (innisf). The l(.‘aves did not change in 
appearance and lustre for the first eight <lays. On the eighth 
day the leaves were slightly drying, but th(‘ fr(‘sh green colour 
remained. Afti^r fourteen days a slight (‘hange was seen in the 
colour. 'Idle original fresh colour was disappearing slowly, but 
beyond this the drying of the edges, etc., was the only notice- 
able change. A little lat(‘i' the leaves began to lot at the tips 
without any change in the green colour. 

Carbon Dioxidr [mnist), — On tin? second day a slight brown- 
ish tinge appeared along the border and tip. On tlu^ following 
day the whole of the leaf was bordered by a dark coloured ring, 
but the general colour of the leaf was unchanged. On the fourth 
day the dark colour was extending all over lh (3 leaf', and slight 
rotting was noticed at the ends. A day latei*, tlie whohi leaf 
had become of a dirty blackish green (a)lour, destroying all 
lustre. The leaf was distinctly rotting in j)laccs. 
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Oxi/gen (moist ). — The change deseriiicd as occurring with nir 
took place, but more rapidly with oxygen. On the fifth day the 
leaves had changed to yellow — the yellow colour being specially 
prominent at the stalk-end of the leaf. The day after, the leaves 
were yellow, and had become brittle. The change which had 
taken place differed in many i-espects, apparently, from a normal 
bleaching. 

Chlorino <ias -Only a trace of chlorine was used, 

but the change was at once apparent. The leaves became reddish 
brown, all the green colour of the chlorophyll disappeared. They 
became very thin, changed to a yellow colour, then to brown, 
and then to white and semi-transparent. 

Dipping in Hydrogen Pero.i'ide Solution and thru moist air . — 
'I’wo strengths of solution were used containing respectively 
three per cent, and one per cent, of Hydrogen Peroxide. With 
the stronger solution the leaves changed rapidly in colour. On 
the second day small brown spots appeared everywhere on the 
surface while the veins had turned black. A day later all the 
spots had become black. On the fourth day the spots remained 
black, and the remainder of the leaf Inul become a faint yellow in 
colour. 

The weaker solution had a very similfir effect, but it appear- 
ed, of course, more slowly. A few brownish spots here and 
there were seen on the third day, while on the fourth day the 
leaves were becondng yellowish in colour. On the fifth dax’, 
when the obscu vations terminated, the leaves had become moi'e 
or le.ss yclbnv, with a few brown specks, but still retained the 
lustre of the, original leaf. 

Ammonia das . — A very small quantity of ammonia solution 
was [)laced under the bell jar containing the leave.s, and the effect 
noticed. On the second day, a yellowish tinge appeared on the 
leaves which changed gradually to brown, and on the following 
day almost the whole surface had become brown in colour. A 
day later the brown colour had become black, and in just a few 
places where this colour had not developed, the leaf had turned 
yellow, but it was in no sense a normal bleaching. 
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Formic Acid Vapour . — A small ({uantity of Formic Acid 
solution was placed under the bell jar. 

On the second day big brown and dirty looking patches were 
seen on the surface of the leaves, while a day later these had 
extended, and occupied nearly the whole of the surface. On 
the fourth day, the leaf tips had become l)lack, and the leaves 
had lost all lustre The part which had not turned black or 
brown (a very small amount) was turning to a dirty yellow 
colour. 

Acc/ic Acid Vapour . — This was used in the .same way as 
Formic Acid vapour. 

In thi s case the action was veiy rapid. jVfter four hours 
the leaf had develojied brown spots all ovei-, and by the second 
day these had become brown, changing to black, — while almost all 
the surface was covered. On the third day, the leaf had lost all 
lustre and stitfness, looked as if scorcheil, and was rapidly turning 
black. 

It was at once evident (hat the ellect of some of these 
reagents was to kill the leaf at once, and the appearances which 
followed were simply the result of that death of the tissues. 
Moreover, it is evident that the ellect of hydrogen was to prevent 
bleaching taking place. It appeals in every degree probable that 
reducing agents, or even gases whose presence tends to prevent 
oxidation, tend to delay or hinder the proce.ss. 

Further experiments weie therefore made with a limited 
number of reagents as follows : — 

(1) Air and water vajiour only. 

(*2) Carbon Dioxide and water vapour. 

(3) Oxygen and water vapour. 

(4) T race of Aniinonia and water vapoui*. 

(5) Trace of* Formic Acid vapour and watei’ vapour. 

(G) Leaves dipped in 1 percent. Hydrogen Peroxide solution 
and then kept with air and water vapour. 

Several experiments were carried out, but the results obtain- 
ed were so similar that to quote details of* one experiment is to 
quote all. In this one case, the leaves were exposed to these 
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reagents on Utli June and the experiment lasted eight 

day.s. The daily teinperature.s at 1 I’.M. were as follows.— 


June 14th 

... 49° C. 

Kith 

... :U)°C. 

., 17th 

... ;30“C. 

„ I8(h 

... 48° C. 

l!)th 

... 49 0. 

„ -40111 . ... 

... 47” C. 

-4 1st 

... 47 ‘ 0. 


The a])j)earances wore as follows : - 

Air Hud Wairr \'apoHr. \o change occurred for three day.s 
when the green colour of the fresh leaf seemed to be beginning to 
fade. A day later this was nnn ked, and there was a yellowish 
tinge all over the leaves which seemed to be [)roceedi))g as 
in an ordinaiy bleaching operation. On the sixth day this 
change continued, and the loss of ‘the green colour appeared 
(juito I’egular, while by the following day s(jmo leaves weia.' 
nearly bleached. A day later rotting had set in, and the 
operation was closed 

(A.d'hun Dioxide u'lid \\ (dor 1 opoor.- - Altei’ two days 
little effect was visible excei)t a very 'slight brownish tinge 
at the borders of the leaves, which was very maiked two days 
later. At the same time the original, green tint had become 
much darker in the leaves. Shortly afterwards the brownish 
tinge gradually extended to the remainder of the leaves, and 
by the seventh day rotting was visible at the ends of the leaf 
gradually ('xtending to the inidille by the eighth (la}’. 

OxiKjr'i and Water I'^dpoiir . — On the fourth •day bleaching 
became marked, and spread rapidly, commencing at the stalk 
end. This continued more rapidly than in the leaves oxpo.sed 
to air, ai.d no rotting occurred till the seventh day, when one 
leaf showed signs of rotting -from the stalk end. When the 
leaves were taken away on the eighth ‘ day, all had changed to 
yellowish white though not completely, but were rather brittle, 
and in this respect ditlered from ordinary well-bleached leaves. 
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Trace of Amrn<oiia ami Watrr Vapour . — After one dr\y the 
leaf was noticed to be turniny' black at certain points, while small 
[)atches of brownish yellow colour appeared. Two dn} s latei’, 
dirty black s[)()ts wore s<'en all over. Some leaves had become 
blackish. The part not spotted or turned blackish seemed to be 
bleaching iioiinallv, and on the sixth day, was changing in 
colour to yellow. The- ('oloui' was, howevta*, an objectionable 
yellow, developing from the stalk end. All lustre was lost. 
No furth’er change took [)lace exc('[)t the gradual rotting of 
the blackcmcd and spotted |)art. 

7V./cr' of Fornifr Aool V((p(Hir aid Watrr \'<ip()nr. — On 
the second day, a brownish colour began' to a[)[)enr in large and 
small [)atches, which were, howt‘Ver, not by any means uniform. 
This ra[)idly extended all over tho sui-lac(‘ of i\\o halves, which 
turned a ilirty blackish colour, with com[)lete loss of lustre. 
.Hotting rapidly set in, and mould began to grow on the leaves. 

I)ij)piiiff til 1 pi'i' cntf. lltfilroifCu Fi'ro.riilr, ami then keepimi 
irith Air rend Wdtfor \’((poiir. — No (diange oceui’red till the Ibiu’th 
day, when very small brown |)al cites were hvcu on some parts of 
the loaves, while the original green colour was slowly fadiiig 
over the remainder. The same condition persisted and [)ro- 
gre.ssed. J^hnally aftei* eight days Inaxavs fairly well bhaiched 
were obtained s[)otted ovei’, in many [)arts, however, with black 
s[)ots. The resulting leaves wert; very brittle. 

Inasmuch as the increase; in the essential oil seems to lx; 
the most im[)ortant chemical chang(‘ taking place during a 
normal bleaching, determinations were made of this constituent 
undei’ the various treatments in s[)ceial lots set on for I his 
[)urpose. Tin; results are shown in the Ibllowing table : — 


Essential Oil i.\ J)iiv Leak. 


After 24 hours 
Afier 4 days 
After 5 days ^ 
After C days 


M.-ist 

Air. 

CiU 1)1)11 

Oxygen. 

'rrnce oi 
Ammonia. 

Traco of 
Kormiij 
Acid. 

i Per font. 

Pei* cent. 

Por ctMit. 

Per font. 

Per fcnt. 

i r, * 

1-0 

1 

o*;i 


27 

2 1 


0*7 

2’.S 

;ri 

2'S 


:r4 

• • • * 



I)i|)|)L*rJ in 
lly(li'<))/cn 
IVroxide. 


l*er cent. 
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These figures .show a gradual increase in the essential oil in 
moist air. It never reaches the proportion produced under the 
conditions of an ordinary hhati, but is in the same direction. 
With oxygen there is tlie .same increase in the es.sential oil, which 
indeed reaches higher proportions than witli air. Before the 
operations were stopped, however, tlie e.ssential oil seemed to be 
arfain decreasing in amount. 

O ^ 

With Carbon Dioxide, the increase in essential oil seems to 
1)6 very much less. 

The presence of a trace of Ammoniti leads to the almost com- 
plete destruction of the essential oil. A trace of Formic Acid, 
on the other hand, does not seem to affect this, and the amount 
[u-oduced after four days is similar to that produced under the 
ordinary conditions with air. 

Dipping in dilute Hydrogen Peroxide does not seem to have 
alfected the development of e.s.sential oil. 

As a whole, as a result of these experiments, it is evident 
that the process which takes place during bleaching is one 
of oxidation. Anything which pie vents oxidation, prevents 
bleaching and prevents the development of e.ssential oil. 
Moreo\ er slight acidity is a ncee.ssary condition ; the slightest 
(race of alkalinity (as with Ammonia Vapour) leads to the 
almost complete destruction of the essential oil and of the 
leaf. 

Such are the results which we have obtained so far. As 
regards the commercial bleacliing of the betel-vine we have shown 
how it is carried out, the conditions under which it is most sue 
cessful, and in some measure the chemical changes by which it i.s 
accompanied. It remains to clear up more completely the nature 
of these changes, to examine more clo.sely the manner in which 
the essential oil varies during the process, and to ascertain 
whether it is a change in kind as well as in quantity, and to in- 
vestigate more closely the diftereiices between leaves bleaching in 
ditferent ways. Finally it is necessary to inake further experi- 
ments to see whether the process can be expedited in any way 
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without loss in (juantity in the final product, and so whether the 
present cumbrous and wasteful process cannot be modified so as 
to make it quicker, cleaner, and more satisfactory, loading to less 
loss of leaf through ordinary rotting and decay. We are actively 
continuing the work in these directions. 
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Observations on Certain Extra-Indian Asiatic Cottons by H. M. Lfakf., 
M.A., F.L.S.; and Ram Pekshad, Asst, to the Economic Botanist, U, P. 
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The Morphology and Parasitism of Rhizoctonia hy F. J. F. Shaw, b..sc., 
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Water Requirements of Crops in India by J. Walter Leather, ph.i)., 
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Tho Nature of the Colour of Black Cotton Soil by II. E. Annett, r.sc. 
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Price, Re, 1. 

The Rab System of Rice Cultivation in Western India by H. 11. Mann. 
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A coiiti ibntjon to the knowledge of the Black Cotton Soils of India hy 
W. H. Hakkison. M.sc. ; and M. 11. KamaswaxMI Sivan, b.a. Price, 
lie. 1. 

The Date Sii^ar Industry in Bengal. An Investigation into its Chemistry 
and Agriculture. By H. E. Annett, B.sc., F.C.S., M.s.E.A.t\, assisted by 
O. K. Lkle ; and Bhailal M. Amin. Price, Rs. 3- 

Evaporation from a plain Water Surface by J. W. Leather, Th.i>., 
F i.c. Price, He. 1. 

Studies in the Chemistry and Physiology of the Leaves of the BotebVine 
an(i of the Commercial bleaching of Bctol-Vine Leaves by H. H. Mann, 
D.sc. ; D. L. Sahaskauudhe and V. G. Patwaudhan, Price, Re. 1-8. 


ENTOMOLOGICAL 5ER1ES. 

'I'lio Bombay Locust by H. M. Lefrov, M.A., f.e.s., F.Z.S, Price, Rs. 2 8. 

Tlio more Important Insects injurious to Indian Agriculture by H. M- 
Lefroy, m.a., f.e.s., F.Z.S. Price, Rs. 3. {OtU of print.) 

The Indian Surface Caterpillars of the Genus Affvotis by H. M. LefROV, 
M.A., F.E.S., F.Z.S. ; and C. C. Ghosh, h.a. Price, Re. 1-8. 

Individual and Seasonal Variations in Hdopeltis Iheivora, Waterhouse, 
with description of a new species of Helopeltis by Harold H. Mann, 
D.sc. Price, Re. 1-8. 

Tlic Coccidie attacking the Tea Plant in India and Ceylon by E. E. Green, 
F.E.S. ; am? Harold H. Mann, d.sc. Price, Re. 1. 

The Mustard Sawtly by H. M. Lefroy, M.a., f.e.s., F.Z.S. ; and C. C. 
Ghosh, b.a. Price, Re. 3. 

The Rice Bug by H. M. Lefroy, m.a., f.e.s., f.z.s. Price, Re. 1. 
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Life Histories of Indian Insect.s— HI. The Rhinoceros Beetle {Orycim 
and the Red or Palm Weevil {Ithynchophorm Ffirrnyineus) 
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The Food of Birds in Inviia by C. W. Mason, m.s.k.a.O., edited by H. 
Maxwell Lefroy, m.a., f.e.s., f z.s. Price, Rs. 7 8. 

Eli Silk, by H. M. Lefroy, m.a., f.e.s., f.z.s., Imperial Entomologist ; and 
C. C. Ghosh, b.a., Assistant to the Imperial Entomologist. Price, Rs. ,3. 

TetrigiiiiE (Acridina*) in the Agricultural ReseaCi’ch Institute, Piisa, with 
descriptions of new species, by J. L. Hanoouk, f.z.s. Price, Re. 1. 

The Big Brown Cricket (Brachytrypes achatinns, Stoll), by C. C. Ghosh, b.a.. 
Assistant to the Imperial Entomologist. Price, Re. 1. 

Life Histories of Indian Insects (Hymenoptera), by G, R. Dutt, b.a.. 
Assistant to the Imperial Entomologist. Price, Rs. 2. 

Inquiry into the Insecticidal Action of some Mineral and other compounds 
on Caterpillars, by H. MaxweuL- Lefroy, m.a., f-E-s., f.z.s.. Imperial 
Entomologist ; ancf U. S, FiNLOW, B-sc., F.u s., Fibre E.\pert to the Govt, 
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Hutchinson, b.a., Imperial Agri. Bacteriologist. Price, Rs. 2 8. 
Rangpur Tobacco Wilt, by C. M. Hutchinson, b.a,, Imperial Agri- 
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Anaplijiaxis in the larfier animals, by Major J. 1 ), E. Holmes, m.a., 
D.sc., I.C.V.O., Imperial Bactcrioloj^ist, Mukteaar. Priee, Ks. ‘J. 

Salvarsan in the treatment of Surra in liorses, tlofj.s and rabbits, by Major 
J. 1). E. Holmes, m.a., d.sc., i.o.v.u.. Imperial Bacteriologist, Muk- 
tesar. Pri(?e, Be. 1-4. 

Some more successful Experiments on the treatment of Surra in the 
Camel with recommendations for Sy.stematic treatment, by A. S. Leese, 
M.R.o.v.s, IVice, Re. 1. 

Contribution to onr Knowledge of the Immune Bodies occurring in anti- 
rinderpest serum and of the variations occurring in the serum pioteins 
of animals during Rinderpest and during immunization and hyper- 
immunization by Dr. P. Hartley, n.sc. (hi the press.) 

Some cases of Surra treated in the Held ami in the laboratory during the 
autumn of 1911, by Major J. D. E. Holmks, M.a., d.sc., [ c.v.d. 
(In the press. ) 
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No. 1. Notes on Colton in Bihar in 1904, by H. M. Lrfrov, m.a., f.K.h., F.Z.8., Imperial 
Entomologist. Price, As. 4 or 6d. 

No. 2. An Outbreak of Cotton Pests in the Punjab, 190/5, by II. M. Lkfkoy, M.a., f.k.s., 
F.Z.S., Imperial Entomologist. Price, As. 4 or 6d. 

No. The Extension of Jute Cultivation in India, by H. S. Einlow, e.sc., F.c.s.,.Jute 
Specialist to the Covernmont of Eastern Bengal .and Assam. Price, As. It? 
or l5. 2d. (Old of print.) 

No. 4 First Report on the Fruit Experiments at Piisa, by A. Howard, m.a. (Cantab.), 
A.R.C.S. (Lond.), F.L.S., Imperial Economic Botanist. Price, A9. 6 or 6d. 

No. .0. Report on trials of the »South African Locust Fungus in India, by E. J. Butlkk, 
M.U., F.L.S., Imperial Mycologi.st ; .and II. M. Lrfroy, m.a., f,e..s,, f.z..s., Imperial 
Entomologist. Price, As. 2 or 

No. 6. The Ticks Infesting Domesticated Animals in India, by C. Warburton, m.a., 
Zoologist to the Royal Agricultur.al Society of ICngland. Price, As. 4 or 6d. 

No. V. A Preliminary Account of the Biting Flics of India, by H. M. Lrfrov, m.a., f.k.s., 
F.Z.S., Imperial Entomologi.st. Price, Re. 1 or Is. Hd. (Out of print.) 

No. y. Ollicial and Recommended Methods for use in Chemical Laboratories of the Depart 
ments of Agriculture in India, by .1. Walter Leathrr, ph.D.. f.ie., 
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No. 9. Report on Cocoanut Palm Disease in Travancorc, by E. J. Butlkk, m.b., f.ls.. 
Imperial Mycologist. Price, As. 6 or 6d. 

No. 10. Treatment and Observation of Crop Pests on the Pus.a Farm, by H. M. Lbfroy, m.a., 
F.K.S., F.Z.S., Imperial Entomologist; and C. S. Mlsua, b.a. Price, As. 6 or 7d. 

No. 11. On Flax Dodder, by A. Howard, m.a., a.r.u.s., f.l.s., Imperial Economic Botanist. 
Price, As. 4 or 6d. 

No. 12. The Making and Care of Lawns in India, by A. Howard, m.a., A.R.C..S., f.l.s., 
Imperial Economic Botanist. Price, As. 4 or 6d. 

No. KI. Sugarcane at the Partabgarh Experiment Station, by G. Clarke, f.i.o., Agi icultiiral 
Chemist, United Provinces; and Khan*,Baliadur S. M. Hadi, m.r.a.o., m.r.a.s., 
^ Assistant Director of Agriculture, United Province!?. Price, As. 6 or 6d. 

No. 14. The Milling and Baking Qualities of Indian Wheats, by A. Howard, m.a., a.r.u.s., 
F.L.S. ; aiulGABRlELLR L. C. Howard, m.a. Price, As. 4 or 6d. 

No. 15. Note on the Extension of Cultivation of Fibre Plants in India. Price, As. 6 or 8d. 

No. 16. Second Report on the F’ruit Flxperiments at Piisa, by A. Howard, m.a. (Cantab.), 
A.R.C.S. (Lond.), F.L.S,, Imperial Economic Botanist. Price, As. 6 or 8d. 

No. 17. The Milling and Baking Qualities of Indian Wheats, No. 2, by A. Howard, m.a. 

(Cantab.), A.R.C..S. (Lond.), f.l.s.. Imperial Economic Botanist; and Gabrikllk 
L. C. Howard, m.a.. Associate and lato Fellow of Newnham College, Cambridge. 
Price, As. 6 or 8d. 

No. 18. Report on the Outbreak of Blister-Blight on Tea in the Darjeeling Disti ict in 1908 09, 
by W. MuRar, m.a., b.sc. Price, Re. I or 1#. 6d. 

No. 19. List of Names used in India for Common Insects, compiled in the Laboratory of the 
Imperial Entomologist, Pusa. Price, As. 12 or Is. 2d. 

No. 2iK Menioraiidnni on Indian Wheat for the British Market, by Sir James WJL80N, K.c.s.i. 
Price, As. 4 or 6d. 



BULLETINS ISSUED BY THE AQRICULTURAL RESEARCH 
INSTITUTE. PUSA— con/rf. 

No. 21. MemoiaiKliim regfardintc Leading Eucalypts suitable for India, by F. Booth- 
Tuckkr, ComniisHioiier, Salvation Army, Simla. Price, As. 4 or 5d. 

No. 22. The Milling and Baking Qualities of Indian Wheats, No. .*}. “Some New Piisa 
Hybrids tested in 1910,” by A. Howard, m.a., a.r.o.s., f.l.s., Imperial 
Economic Botanist ; and Gabriellk L. C, Howard, M.a,, Personal A8.st. to the 
Imperial Economic Botanist. Price, As. 7 orS^f. 

No. 2o. liisecticides-Mixtures and Recipes for use against In.sects in the Field, the Orchar<l, 
the Garden, and the House, by H. Maxwell-Lbfrov, m.a., f.b.s., f.z.s.. Imperial 
Entomologist. Second Edition, Revised and Enlarged by T. Bainbriggk Fletuhkr, 
R.N., K.E..S., F.i5..s. Price, As. 12 or U. 2d, 

No. 21. The Indian Saltpetre Industry, by .J. Walter Leather, idi.D., f.i.g.. Imperial 
Agricultural Chemist ; and Jatindra Nath MUKHER.ll, h. A., E.sc., Second Assist- 
ant to the Imperial Agricultural Chemist. Price, As. 8 or 9d. 

No. 25. Report on the Flax Experiments conducted at Dooriah in 1910-11, by E. M. Vandk- 
KKRKHOVK, Flax Expert to the Bihar Planters’ Association. Price, As. 6 or Id. 

No. 2(j. Note on the present position of Cotton Investigation in India, by Bernard Coventry, 
Otfg. Inspector-General of Agriculture in India. Price, As. 2 or lid. 

No. 27. Experiments on the Cultivation of Sugarcane at the Partabgarh Experimental 
Station, 1909-11, by G. Clarke, f.i.g.; H. K. AnnItt, ii.se.; and Syed Zamin 
Husain, h.a. Price, A.s. 5 or Gd. 

No. 28. The Cultivation of Lac in the Plains of India, by C. S. Mjsra. b.a,, First Assistant 
to tlie Imperial Entomologist. Price, As. S or 9(7. 

No. 29. Directions for the Cnlt’vation of Eri Silk. Price, As. 3 or 4d. 

No. .30. Report on the Flax Experiments conducted at Dooriah in 1911-12, by K. M. Vandk- 
KEUKHOVE, Fibre Expert to the Bihar Planters’ Association. Price, As. l-O or 2d. 

No. 31. Wheat Experiments on the Botanical Area, Cawnpur, and their bearing on Wheat 
Cultivation in the United Provinces, by H. Martin Leake, m.a., , Economic 
Botanist to the Government of United Provinces ; and Ram Prasad, Assistant 
to the Economic llotanist. Price, As. 3 or 4d. 

No 32. A Note on some Interesting Results following the Internal Administration of Arsenic 
in Canker and other Diseases of the foot in Horses, by Major J. D. E. Holmes, 
M.A , D.sc*., M.K.U.V..S., Iiiipoiial Bacteriologist, Muktosar. Price, As. 2. 

No. 33. Some Aspects of the Agricultural Development of Bikar, by A. Howard, m.a., 
A.R.u.s., K.L.S., Imperial Economic Botanist. Price, As. 4 or 5d. 

No. 31. Disca.sos of Rice, by Dr. E. J. Butler, m.b., f.l.s. (In the press.) 

No. 35. Report on the Flax Experiments conducted at Dooriah during the year 1912-13, by 
E. M. V^\NDElvERKIIOVE, Fibre Export to the Bihar Planters’ As.sociation. (In the 
press. ) 

No. 36. Note on the MacFadyean Staining reaction for Anthrax Bacilli, hy Major J. D. E, 
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INTJIODUCTORV. 

Irriciatei) paddy or ric(‘ iiiSoutli India is g<ai('rally ^rown undor 
swamp coiulitioiis throiifi:lu)Ut tli(‘ growinj^ siNisoii and in a ])nddl(‘d 
soil, i,e., ])l()nglK‘d or lev(‘lled in wahn-. Ind no goiunal systtmi of 
cultival/ion liolds good, nor can it be said that wliat is fonnd to be 
sneeessful in on(» place will answ(‘r in anotluM'. On tin* Rontli 
Malabar (bast, it is the geiuM-al })ractice to plongli tln^ lands in tin* 
dry season Avjth excellent r(*sults. but this sanu* cnstoni introduced 
into other districts has led to failnr(‘. Paddi(\s which floinish in 
oni' delta or distihd often do not do so well when transf(*rr(‘d to 
another place where the conditioirs are apparently of a similar 
('haracter. (In'en -manuring is foimd to answ(M* pcufectly well in 
one area, but wlnm. tried in another area the crop fails. In one dis- 
trict the water may be run on to fiedds ajid th(‘ lattcu* |)uddled and 
manured weeks before the crop isj)lanted, l)ut in other districts, 
the custoin is to put in the green-manure just l)efore the time of trans- 
planting. These and the many othei* mutually op))osed facts 
which can be quoted, make it essential that the conditions governing 
the growth of paddy should be closely studied in order to obtain, 
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if possililo, sonio common basis capable of explaining them before 
material improvement can be made in paddy cultivation. 

On considering the problem in all its general aspects, it was 
felt that a study of the soil gases formed the most promising field 
of enquiiy, and the results obtained, as well as some from 
closely connected investigat ions, are detailed in the following pages. 

llefore pioceeding to a consideration of the investigation, a 
brief description of the cultural conditions of Swamp Paddy Soils 
in South India will make clear the pecnliar conditions under which 
the crop is grown and also clearly demark the scope of the empiiry 
and the application of the results. 

In general, these soils are' allowed to lie in an uncultivated 
condition during the hot season, during which period they dry to a 
considerable extent and. owing to their very heavy character, shriidv' 
considerably and wide ciacks are formed reaching down to a depth 
of from two to three feet. This deep cracking of the soil leads 
to complete aeration, and no doubt niti ification proceeds apace art 
tliis time. On the South Malabar Coast, however, the land is .sys- 
tematically worked over during the dry .sea.son. As .soon as water 
is available seed-beds are formed where the paddy germinate.s and 
grows until the time of transplanting arrive.s. Some time before 
transplanting water is jidmitted to the fields, which are then 
thoroughly ploughed and puddhul, and the heavy crop of weeds 
formed on the dry .soil is worked in. In addition, whei’ever 
available, large quantities of green-leaf manure are thoroughly 
incorjioratcd with the .soil by the trampling of cattle or coolies. 

The amount of green-manure used varies with its availability 
and cost, but often the cultivators will .scour the dry land for miles 
around to obtain it, and the use of as much as 4,000 — .'5, 000 lbs. 
per acre is quite common. In the deltas green-leaf manure is very 
scarce, and its use is not so common, but even thei’c the .seed-beds 
are heavily manured. In the Kistna Delta it is a common practice 
to sow sunn-hemp {Crotalaria juncea) just before harvesting the 
paddy and the resultant crop is used as fodder, but the straw and 
roots arc ploughed into the soil, 
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After puddling and manuring tlie surplus water is allow'ed 
to drain off and the seedlings are transplanted. After transplant- 
ing, wherever the conditions permit, water is not allowed to stand 
in the fields until the seedlings are established, but care is taken to 
keep the moisture conditions such that no cracking or shrinking 
of the soil takes place. When the .seedlings are established water 
is admitted in quantity and the whole of the fields are kept under 
water throughout the rest of tin* growing .season, but. if po.ssibIe, 
the land is drained just before harvest to permit of the drying off 
of the crop. 

The main features, then, of paddy cultivation in South India are : 
(I) the maintenance of swamp conditions by the use of large <]uanti- 
ties of water and by puddling the .soil and .so decreasing the natural 
drainage; (*2) the \i.se of large quantities of green-manures. It is 
obvious that under these circumstances the soil conditions must be 
(piite dissimilar to tho.se obtaining in dry soils and that the course 
of the decomposition of the manure and the nutrition of the plant 
must also be veiy different. 



PART I. 


The Gases op the Soil! their Composition and Relations^jp 
TO THE Growth op the Crop 

The variaiiom in the eoni’^ositim of the SoU_ gases. 

On forcing a stick intq the soil of paddy fields or on disturbing 
it in any other manner, bubbles of gas are given ol|* Which are easfily 
collected and which on analyses are invariably found to consist 
mainly of Methane and Nitrogen. The proportion these gases be^ 
to one another varies greatly, the Methane from about 16 to 76 per 
cent, of the total and the Nitrogen from about 10 to 96 per cent. 
In addition, Carbon-dioxide is generally present together with 
small amounts of Oxygen and Hydrogen. Other gases were tested 
for at intervals, but only those mentioned above have been detected. 
The amount of Carbon-dioxide present is, on the average, about 6 
per cent., b\it this value may fall as low as 1 per cent, and rise as 
high as 20 per cent. The amount of Oxygen is usually only a trace, 
but values as high as 5 per cent, have occasioimlly been met with. 
Hydrogen is generally absent but as much as ^ per cent, has hem. 
recorded in uncropped plots. 

Early in the course of the investigation, it was noticed that in 
cropped fields the proportion of Methane was generally low, whereas, 
-in uncropped fields this gas greatly predominated and, consequently, 
the variations in the composition of the gas were particularly 
studied. To this end, a particular field was chosen and the gases 
were collected and analysed at intervtils frqm the time of puddling 
in the green-manure to the time when the land wdls drained for 
ripening. 

' Several different methods of collecting the gas were tried, but 
the one found to answer best was to walk slo^y across ' a field 





Appjiratiis uskI for tJifi collection of the (hises of Swamp Paddy Soils. 
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holding the apparatus figured in Plate 1 so that the fuimel was 
always under the water. This apparatus consists merely of a large 
gas tube with a glass stop-cock at either end. The upper one is 
connected by means of a rubber tube to the collecting funnel, and 
to the lower one a piece of rubber tube is attached so as to permit 
of the water in tlie apparatus discharging below the surface of the 
water in the field. The whole is filk^d with water and that portion 
of the escaping gas collected by the funnel is conveyed to the gas 
tube, where it is easily isolated. The gases were collected by 
walking slowly across a field and holding the appaiatus over the 
places of disturbance. This method of collection had the advantages, 

(1) that an average sample of th# whole field was easily made .and, 

(2) an approximate measure of the relative amounts of gas in the 
soil of different fields was obtained. -The gas colhs^ted was conveyed 
to the laboratory and analysed at once. Several types of gas- 
analysis apparatus were used, but the one found most suitable was 
a modified form of Adeney’s apparatus. 

For the estimation of the Methane and Hydiogiui, the method 
of exploding with Oxygen was mainly relied upon but the results 
were often checked by th(^ method of combustion in a capillaTy 
platinum tube, especially when the proportion of Methane was low. 

The results obtained during the year 1909 are tabulated 
below ; — 

Table 1. 

Showing the composition of the gases from a cropped and mannred 


field during the year 1909. 
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In this yi'ur, giccn-inauurc lo the extent of 4,000 lbs. to the 
acre was ploughed in on July 27th, but the tiansplanting did not 
take place until Se 2 )teinbcr 7th, and during the whole of this period 
the pereentage of Nitrogen reniained low and that of Methane high. 
Sonic four weeks after transjilanting, a decided change in the com- 
position of tht^ gas took place, and the Nitrogen, instead of being 
low as forinei'lv, now predominated and continued so as long as 
it. was possible to obtain samples of gas. 

So far as it could be determined, the volume of gas in the soil 
was greater during the latter period, and it therefore appeared as if 
the jiresenee of a eroj) brought about a loss of the Nitrogen of the soil 
and manure and also prevented tlfe formation of Ab'thane. Another 
imjiortant feature was that tin- soil conditions are anauobic so long 
as water is over the surfaci*. The fact that the presence or absenei! 
of a crop appeared to determine the composition of the soil gases 
was suijuising, and conse(|uently the expeiiment was lepeated 
in lUlO on a different field with a different type of paddy, and the 
result was strictly parallel to the former experiment. 

Taule 11. 
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Tliis field was manured and puddled on August 3rd, and traus- 
plautiug took place oJi August IStli. Here, again, the Methane 
predominates until the latter part of September, about 5 weeks after 
transplanting, but from then onwards the Nitrogen predominates. 

The values for the percentages of Niti’ogen and Methane ob- 
tained in these two expej'iments are plotted out iji tliarfs Nos. 1 and 
2, the dates in both cases being re ferretl to the date of transplanting 
so that the cui ves are comparable. These curves show clearly the 
change in the composition of the gas about thirty ilays after the 
date of transplanting, but in order to make* this point absolutely 
certain, the following ('xpcrimeiit was cajried out in J'Jll. 

A small field was taken wliicii had l)een under paddy cultiva- 
lioii for Jiiany years, and which in its knowji history had leceived 
no majiure. 8uch a fiekl has a very uniform texture and composi- 
tion and is vei y well suited to expciiiuental work on paddy. '['lie 
field was tlivided into four plots liy means of small earthen banks 
(bunds) and two of these jilots were manured with green-manure 
to the extent of 8,000 lbs. [)er acre. 'I'he other two received no 
manure. Of the manuivd plofs, one was croppetl and oJie left im- 
cmpiietl and the gases from each were collected and compared. In 
(he same way one of the umuaiiured plots was croppeil and the other 
left uncropped. 'I’lie gases wme collecterl from all the plots on (he 
same days and the results clearly show the inlluence of the cro|) on 
their composition. 'I’he manurcil plots will lie consideied first. 

'I’Aimii 111. 
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Table IV. 


Showing the (miiposliion of gases from cropped and mannred plot. 
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Ill these experiineiits, j»ief'u-inamire to tlie extent of 8,000 lbs. 
})er acre was piuhlled in on July 27tli, and the (adds were* again 
puddled on July Slst and water let in. They were allowed to 
remain in this eondition until August loth, when the paddy was 
transplanted. Othei' than the pre.senee or absence of a crop the 
two plots were identical in every way and had similar treatment. 

A comparison of the results shown in Tables III and IV brings 
out very clearly the effect of the crop on the comjmsition of tin* 
gases, but this is made more apparent in the diagrams on ('harts Nos 
3 and 4 where the jiercentagesof Nitrogen and Methane in the gases 
are plotted in the form of curves. Throughout the whole of the 
period the jiercentagi* of Methane in the gas fiom the uncropped 
plot was always high and the Nitrogen correspondingly low, whereas 
in the gas fiom the cropped plot the irsual change in composition 
took place about thirty days after the time of transplanting. 

J'he proportion of M(4hane falls and that of Nitrogen rises until 
within six weeks from transplanting their former proportions have 
been entirely reversed. Another point demanding attention is 
ihe behaviour of the crop towards the Hydrogen content of the gases. 
From tin* uncropped plot throughout the whole period, and also 
from the cropped plot up to the time of the (diange in composition 
taking place, the gases contained comparatively large proportions 
of Hydrogen ; wheieas. aftei" the crop has become fully established 
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and ill strong giowtli, practically no Hydrogen is present. Thus, 
besides affec'ting the relative proportion of Nitrogen and Methane, 
the crop practically determines the presence or absence of Hydiogen 
in the soil gases. 

The corresponding results foi' tlie nnmamired plots are given 
in the following tables : - 

Table V. 
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Shoa'lng the composition oj the gas derired from the cropped and 
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In tile case of the unmanured plots 

it is at once 

evident tlia 


the changes in tlie composition of the gases are not so marked as 
in the case of the manured plots, and neither can so much reliance 
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be placed on the accuracy of the data obtained in the early stage of the 
experiment, foi’, the gas production was exceedingly small and 
samples sullicient for analysis could only be obtained with great 
difficulty. Further, in many of the earlier samples the gas obtained 
was obviously present in isolated pockets in the soil, and they could 
not be looked upon as forming a representative average of the gas 
present in the plots. Later, as more and more gas accumulated in 
the soil, iepresentati\’e .samples could be obtained and the results in 
conse((uence were more reliable. Notwithstanding this, the curves 
given in Charts Nos. 5 and G show that once the crop was thoroughly 
established small did'erences in the comj)osition of the gases, anal- 
ogous to those of manured soils^ were j)resent. 'I'hus, in the gas 
from the uncropped plot, Hydrogen is piesent in ai)preciable ([uan- 
tity, but it is practically ab.sent fj'om the gases fi’om tin; cropped 
plot. Again after September Kith, the proportion of Methane is 
lower aJid that of Nitrogen higher in the gas from the cjoppcd plot 
than fiom the uncropped plot. Conse(|uenlly, the.se results may 
be taken as conlirniing in part the results obtained from the previous 
experiment, especially when it is remembered that in these unman- 
II red plots no fresh organic matter was addeil to the .soil. The 
only organic matter present w'as that constituting the humus of t he 
soil and, this being the residue left from the fermentations of previous 
years, Avould be only comparatively slowly attacked. The main 
fact made clear, however, is that the crop mainly affects the com- 
position of the gases produced from tlie decomposit ion of the manure 
and has little effect on tlie composition of the gases evolved from the 
soil organic matter. 

A consideration of the foregoing results leads to the conclusions 
(1) that the gaseous products of the decomposition of organic matter 
in swamp paddy soils consist chiefly of Methane and a smaller 
proportion of Nitrogen together with some Carbon-dioxide and 
Hydrogen ; (2) that the introduction of a crop into the soil materially 
affects the course of the fermentation and results in the production 
of a gas with a low proportion of Methane, a high one of Nitrogen, 
and a practically complete inhibition of Hydrogen formation. 
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Tli^ qiMiUitf/ of (JOS evolved from cropped and umropped fields. 

Before it is possible to deteriiiiiic the true nieaiiiug of the 
change in composition, it is necessary to obtain relative measurements 
of the gas production in cropped and uncropped soils. I^’or if less 
gas is produced in cro{)]>ed laiul than in uncropped land, then the 
productioJi of Methane is being inteifcred with and possibly that 
of Nitrogen also. On the other hand, if the, gas production is 
greater in the cropped field, then, under the influeiice of the crop^ 
Nitrogen is (?crtainly being evolved. Again, if it is assumed that the 
volume of Methane evolved is the same in both cases, the effect of 
the crop is to biing al)out a great disengagimient of Nitrogen, 
whereas, if the volume of Nitrogen is assumed to be the same, tlu; 
crop prevents the formation of M(!(haiie. Fiom whatever sland- 
j)oint the analytical data arc considered, there can be no doubt of 
tlu^ close relationship of tlu; cj’op with the course of the soil fer- 
mentations and the necessity of obtaining some <piantitative data 
becomes of vital imimrtance to a proper understanding of the changes 
involved. 

Unfortunately, this is not so simple a matti'r as it woukl appeal'. 
The obvious method is to support large funnels over the surface of the 
soil and to measure and analyse the evolved gases at intervals. 
When this is done, none of the soil gases are collected but, insteatl, 
there appears a gas consisting of entirely Oxygen and Nitrogen, 
and the volume collcctetl is so great that its main source is obviously 
from the air or surface water. Under these circumstances, the direct 
collection of the soil gases by means of inverted funnels fails and 
recourse must be had, at least in the field, to indirect methods of 
measurement. This evolution of Oxygen was traced to a film of 
organised growth spread over the surface of the soil anti its relation- 
ship to the growth of the plant is considered in the second [lart of the 
iMcinoir. 

The usual method employed in these exiieriments for the col- 
lection of the soil gases is capable of giving approximately relative 
values for the amount of gas accumulated within the soil. On 
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walking througli a field the gas is disturbed and escapes and the 
amount escaping in a given lengtli will be proportionate to the amount 
of gas in the soil. Conse(piently, if the same collecting apparatus is 
cai'ricd the same distance through two fields, the amount collected 
will be in proportion to the amount of gas in the soils and a relative 
HK'asnrement is obtained. 

Applying this method to the cropped and uncropped manured 
plots previously referred to, the following results are arrived at : — 

Tablr VI 1 

Sliowituf the relatiee amoitids of yas collected In tranerslng the same 
distance In cropped and, nneropped plots. 


VC. from cropped field 

Date. ; Hatio. = 

cc. from iincroppi'd Held. 

.1/2 
H/iO 
14 
t> r> 

On the whol<‘ these results indicate that tin* accumulation 
of gas in cropj)ed land is slightly greatei- than in uncropped soil. 
Such rough expeu iments as these can only be approximate, and it is un- 
wise to draw stringent conclusions from them with reference to 
the numerical relationship of the volume of gas present in the soil. 
They can, however, be taken as imlications, and justify the con- 
clusion that there is no evidence to show that there is less gas 
j)resent in the cropped plot ; on the other hand, the ([uantities 
approximate to eijualily. 

These conclusions ajurly only to the gases accumulated in the 
soil but, conskh'ring the type and intensity of the fermentation 
taking place, theie must be large f|uantifies of gas escaping through 
the surface, and the total volume of gas produced, may,, in reality, 
l)e very dissimilai-. The escaping gases are masked and probably 
piofoundly modified in composition through the influence of the 
siu'face film previously leferred to, and certainly under field condi- 
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tions no Methane or Carbon-dioxide was detected in the escaping 
gas. It was found by cxpeiinients in pots that tliis surface film 
could be prevented fi’om forming by the use of a solution of copper 
sulphate of the strength of 1 : 250,000, ami that when this was done 
the soil gases passed through th<', surface of the soil and could 
be collected and analysed. The strength of cop])er sidphate used 
had no detrimental effect on the growth of the crop, and 
accordingly a series of pot culture experiments were laid down, 
with the object of measuring the rates of evolution of the gases in 
cropped and uncropped pots and also of studying the eff<>ct of 
the crop on the composition of the gas. 

The pots used were 18 inches deep and 14 inches diameter and 
had a layer of sand on the bottom 6 inches ni thickness. Above 
this was placed a layer of soil weighing 40 kilos, to which was 
added green-manure at the rate of 5,000 lbs. per acre. A 
large, inverted funnel 12 inches diameter and with the exit 
closed with a glass stop-cock was supjmrted by small t(>ak- 



wood blocks above the soil 
so that there was a space of 
half an in(“h betwc'cn the rim 
of the funnel and the soil. 
The seedlings weic arrangeil • 
in the .space between the fun- 
nel and th(‘ pot, and a depth 
of water was always main- 
tained in the pot, sufficient 
to prevent air ejitering the 
funnel. The whole airange- 
wATER ment is .skadched below. 


PADDY SOIL 

SANO 


No di'ainage was arranged 
for in these e.xj)eriment,s as it 
was thought advisable to eli- 
minate any conditions which 
might ixninit of the copper 


sulphate entering the soil and so interfering with the course of the 
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finmontation. In addition, ])arallo] scries of unmamired pots 
wore instituted in order to obtain eomparisons. 

The main difficulty experienced was in preventing the evolu- 
tion of Oxygen and Nitrogen from traces of the surface film and in 
fact it cannot be said that this was successfully done with reference 
to any one pol throughout the whole course of the experiment. 
When, however, Oxygen was found to be evolved by a pot the ad- 
dition of copper suljihate at once stopped its further evolution and, 
as the dnjilicate pots rarely evolved Oxygen at the same time, 
it is possible to trace with fair accuracy the rate of evolution of the 
soil gases. 

The gas evolved (‘onsisted maiidy of Nitrogen with varying 
amounts of Mi'thane and. for the purposes of com])arison, it will be 
be.st to consider tiu' latter first, as the contamination arising from 
the gases evolved from the undestroyed traces of the surface film 
does not materially affect the results. 

The results obtained are tabulated below, and are given up to 
the date when the grains were ftdly developed and when, the soil 
would be drained for ripening in the ordinary course of events. 

Taulr VI II. 


Showinq the Methane pradiietlon in e.e. jram cropped and aneropped 

manured pots. 



t’ltOlM'KO 1*0’ 

rs. 

rNCnoCl’KO !*( 

D'lS. 

Dale. 

- - 

- - 

-- 




— 


Pot 1. 

Pol 2. j 

3’olal. 

Pol 3. 

Pot 4. 

Total. 

1 

Sth to ISth Januarv 








i 1013 


IT) 

or» 

Xil. 

4*2 

4*2 

First ; 

1 18th 1o 30th .T:\niiarv 







period. 

\ 1013 ... 

0 0 

21 

O-o 

2o 

8*4 

10-0 

1 

30th .lanuarv to 12th 







1 

i IVhruary 1013 

4*4 

4*0 

0-0 

4-0 

j 8-0 

12*0 

'POTAT. . j 

10*3 

8*2 ' 

27-0 

O'o 

21*2 

27*7 


Seedling tranaplaiUt^'l into (Jrop]H‘<l Pot on Fvbniary l:i1h and tlu* collection of K-'tscs 
rcconinionced February 24th, 
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1 

! 

<’llOlTEI» P(»T.S. 

ITNCflol'PiSf) 

I'tcrs. 


D.ito. 

— 






Pot 1 . 

1 

Pot 2. ' Totilt 

Pot ' i‘ot t. 1 

O’otal. 


'2Uli l'VI>riiarv ti> Till 
Maivli . 

XiL 

Xil. Xil. 

S-.T i H-7 ' 

17-2 


7<li to IDfh Mar<h 



Xil. 10-7 

ID'7 

St'coml ^ 

10th to 2iMh Afarch 
1010. 

- 


12C. i:vi 

2»1-D 


20th March to tMh 
A])ril 101.0 . 



o:» io:> 

ir.-o 


h to 21 'st ItH 0 

- 


4 7 0-0 

i:t-7 


'ruT\i. 

XU 

tv// Xil ^ 

ono .v2-:i 

S2<1 


Tho sootllinfjfs woro not tranKpluntod until Fohniary 13th. 
l)ut hoforo this date tho gasos woro collootod from all tho pots and 
in evory oaso Mothano was (‘volvod showing that tho fovinontation 
was ostablishod. Aftor ti'ans|)lanting, Mothano oontinuod to ho 
ovolved from tho unoroppod pots, hut iiono was ohtaiuod from tho 
oroppod onos. This is in ontiro agroomont witli tho variations 
iu tho oomjmsition of tho soil gasos in tho hold oxporimonts and it is 
ovidont that tho crop provonts. in somo way or othor. tho normal 
production of Methano. 

During tho samo poriod tho Mothano evolution from tho un- 
manurod pots was vorv small, tho uu( ioj>pod ))ots f)nly giving 1 of 
tho voluino of tin* gas ovolvod from tho corrosponding manurod 
pots, and at tho samo timo practically no dilToronco could bo dotoctod 
in tho evolution from cropped and uuorop))od uumanurod pots. 
This is in gonoral agroomont with tho results from tho uumanurod 
experimental plots, and it is thoroforo ovidont that tho Motha)io 
ovolvod from paddy soils is mainly derived from tho groon-maiuiro 
and the effect of the crop in altering tho conrposition of tho soil gases 
would, thoroforo, appear to ho duo to its relationship to t he course 
of the decomposition of the groon-manuro. Further, tho action of 
the crop during the growing season is to diminish considorahly 
the production of Methajxc and Hydrogen. 
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Witli regard (o the Nitrogen evolution from these pots the 
results clearly show that much less Nitrogen is evolved from cropped 
than uncropped jiots ; — 


Tablk IX. 


Sfiowiiu/ the total, erohition of Nitrogen In c.e. from, cropped awl 
uwwpped pot fi from the time of transplanting vp to the time of 
heading {Febrnary ‘‘2\th to April 2\st, 1913). 


Cropped pots .... 

€* 

- - 

Manured. 

220 

1 ! 

Cninanured. 

212 

UiKTopp(‘d ])ots .... 



45;{ 

471 

iVreentage dot rea.sp din* to erop 






These results are surprising in many ways. There can, of 
course, be no doubt as to the effect of the ciop in reducing the 
quantity evolved, but the large production of gas compared to the 
volume of Methane evolved, and the similarity of the results between 
the manured and unmanured pots, point strongly to tlie conclusion 
that a large proportion of this Nitrogen is not derived from the soil 
gases. 

That its evolution is not due to the action of the surface film 
is shown on page 95, where the action ofcopjier sulphate in inhibiting 
the effect of the film is shown, and further .support to this view is given 
by the fact that a manured pot treatisl with coppei' sulphate only 
gave off 105 c.c. of Nitiogen. whereas, a .similar untreated pot 
yielded 445 c.c. fiom February 24th to April 2l.st. 

Thus, it would appear that there is a surface evolution of 
nitrogen, unconnected with the .soil fermentation or the siiiface 
film, ’due to some undi.scovered cause which is affected by the 
growth of the crop. This being the case, these pot experiments 
have failed to give any indication of the source of the Nitrogen in 
the .soil and the effect of the crop on the (juantity present, but 
the field measurements throw some light on the problem, 
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The source of the Gaseous Nitrorjen in the soil. 

The (letorniinatioD of the origin of the soil Nitrogen is of im- 
portance and further exj)erinients arc being car!*iod out to deter- 
mine this point with some degree of certaiuty. This Nitrogen can 
only, come from three sources : — 

(1) The air imprisoned in the soil by the water. 

(2) The Nitrogen dissolved in the irrigation water which pene- 
trates the soil. 

(3) The Nitrogen contained in the organic matter of the soil 
a?ul manin’e. 

There is no doubt that some^of the soil Nitrogen is detained 
f]’om the sources indicated in (1) and (2), but a consideration of tlu' 
amounts of gas ot)tain(‘d from the manured and unmanured plots 
in the field experiments leads to the (*onclusion tliat the larger 
proportion is derived from, the Nitrogen present in th(' organic* 
manure. 

The gases collecded by traversing the same distance in each plot 
were measurcHl and analysed and the relative', amounts of Niticygen 
obtained are contrasted in tlu' following table in the form of ratios. 
The ratio between the uncroppe^d manured ])lot and the' uncro|)p(‘d 
unmauured plot is referred to as Ibitio = TM/LUJ and that between 
the corresponding croppcHl plots as Ibitio = (’Af/CU. 

TAIiLE X. 

Shouduej the relative amounts of ISftrofien preserd fu the maiiured and 

vnmauured plots. 


Dato. 


Ualio- 


r.M 
I' I' 


Uat in = 


f'M 

(A 


October ntli, 1011 
,, 24tli ,, 

,, :usi 
NovcinlxM* blh 
i:Jth 

As the plots contrasted in the above table formed a portion of 

one small field, they were similar in every respect , with the exception 

2 


2:i/i 
4:;/i 
24) 1 
21, 1 
2-."> 1 
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of tlio addition of gn’oii-inaiiure. C(msc(|uently, if the whole of the 
Nitrogen in tlie soil came only from the air originally in the soil or 
from the Nitrogen dissolved in the water draining through it, 
it would he expected that the ratios would approximate to unity. 
Instead of this, on the average, about 2^ limes as much gas is present 
ill the manured plots as in the unmanurisl plots, and the only obvious 
conclusion is that much of tin* soil Nitrogen is derived from the manure 
used and the organic matter present in the soil. This conclusion, 
taken in conjunction Avilh the fact that le.ss Nitrogen is evolved from 
crojiped pots than uncropped pots, after treatment with the <-op|)er 
sulphati', supports the view that some Nitrogen is ab.sorbed by the 
plant which otherwise would lx* evolved as gas in an iincroppe’d 
held. I’lie evidence is not as clear as Ave Avottld wish and experi- 
ments are bc'ing carried out to t<‘st the ipiestion of this Nitrogen 
absorption in a more rigorous manner. 

Modv of action of the nop in altering the com posit ion of the Soil Gases. 

It has been shoAVU clearly that the normal eA’olution of Methane 
in paddy soil is greatly reduced in amount when a crop is intro- 
duced, and there are indications to show that the .sanu' probablv 
occurs with th<> Nitrogen evolution. This being so. a wide held 
of invest igation is opened out to determine the manner in whicli 
this action is brought about. It is clear that the crop is the primary 
cau.se, but the action may be indirect in the sense that substances 
may be excreted by the roots whhdi inhibit or retard certain of the 
phases of the normal fmanentation, or it may be direct in the 
sense that the plant is absorbing .some of the decomjiosition pro- 
ducts of the fermentation, thus removing them from the held of 
action and reducing the intensity of the a( tion by that amount. 

With regard to the hist po.s.sibility, if tlie effect of the excreted 
substance wei-e only transitory, it would appear that, when tlie 
crop reai.hed full growth, the excretion would be arrested and tlie 
course of the normal fermentation re-established, resulting in an 
increased gas production. Evidence supporting this was obtained 
in the pot culture ex])eriments for, when the crop reached the 
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ripening stage siieh an (‘volution occiirred both with ivgard to 
Nitrogen and Methane as is shown in tlie following table : — 

Table XI. 


Showing the increased ecolutioii of Gas when (he ripening stage is 

reached. 

Total gas evolution in ee. 


Datk. 

CKoi*ri:i> r 

CIl, 

< >TS. 

N 

1 ’N( IIOIM’I 

('ll,. 

:i) roTs. 

N 

K KM VKKS. 

mil to 2lsf April 10l:i . 

V//. ^ 

77:i 

i:c7 

.AS -4 

a ipciiini: slaiii* 

2lHt to 2Stli A])ril llM:i . 

211 



:t2M) 

r (* a (• li f (1 

2Hth A])ril to otli May ItUlt 

:u 7 

:u 1 


l{7 ‘7 

about 2l>t 

mil to imii May laifj 

'I’otal cf. fi'oin 21sl April to lllth May 

ITO 

1 10 

:cr. 

2.7 -1) 

April. 

101 :i 

TtCl 

OS’S 

loA 

0.7 ’0 



Thus once the stage of l ipening is I’l'acdu'd, w(^ find the (‘rop})(‘d 
pots coinniencing to (.*volve Methane in consiihuable (jiiantities, 
whereas, prevdouslv no .Afethaiu' was given olT. Tluue is also a very 
large evolution of Nitrogeu, and at the same time, theaTuoimt of 
Oxygen present in the evolved gas Avas veiy littli', only amounting 
to a f(‘W cc., showing the effect of the surface lilm to be very small. 
These observations would seem to lead to the view that the (dfect 
of the crop is to retard tin* normal f(‘rmentation and some supj)()rt 
is given by the behaviour of the unmanurc'd pots. The cix^pped ])ots 
of the latter series showed only a comparativ(‘ly small increased 
rate of evolution of Mcdhane and Nitrogen such as would b(‘ 
expected, considering the absence of green-manuie and with only 
the soil organic matter present. 

A certain proportion of this evolution of gas in manunHl j)ots 
when the ripening stage is reaclunl may j)ossibly be due to the 
decomposition of the roots of the crop and not to decomposition of 
tlie green-manure recommencing. If this is proved to be the case, 
the possibility of the changes being due to the absorption by the 
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roots nssiiinos gi'oatoi' iinportaivco. Tlic jiossibility of tlic plant 
absorbing; soni(> of tlio organic compounds produced during certain 
phase's of the fermentation is epiite jirobable in view of tlie results 
of recent invest igatienr on the assimilation of organic Nitrogen by 
tlie roots of plants. Ilutchin.son and Miller* working under sterile 
conditions have shown that certain plants can utilize the Nitrogen 
contained in such compounds as acetamide, urea, barbituric acid, 
allo.van. and to a lesser degree in formamide, glycocoll. oxamide, etc. 
Schreiner and SkiniK'i't have since experimented with a large number 
of nitrogenous organic compounds and have conu' to the conclusion 
that the plant can absorb them os such and that certain of them 
are utilized by the ]»lant in an Advantagc'ous manner, whilst others 
exert a toxic influence. 

Among the sub, stances ('xperimented with by Schreiner and 
Skinner were manv of tlu' compounds produced by the decomposi- 
tion of prot('ids and it is just the.se compounds whicb would be 
})roduced in paddy soils wlu'n the green-manure is decomposed. 
(Vmsequentiv, if their vi('w is correct, tlu'se substances would be 
absorbed by the paddy roots and the normal fei inentation Avould be 
lessened in ])roportIou. thus lending to jiroducc a change in the 
composition of the soil gasi's. 

The whoh' subject of the ii'lat ionship of the paddy cro]) to the 
soil fermentations is of great importance and is under further 
investigation. 

The AiKvrohic co)nIlll(>iis of the soil in- relation to Nilrorjeii. 

assimilation. 

Apart from the ipiestion of the relation, of the crop to the 
composition of the soil gases it is evident that the strongly anae- 
robic, conditions prevailing in these swamp paddy soils have a direct 
bearing ,on the coursi' of the Nitrogen assimilation of the plant as 
ordinarily understood. Since Kellner.!; 1882 showed with swamp 

* iViil- F- P>akt. :K)-r)l'i ( 111 1 1). 

Y r. S. A. Dt'ihirhtH'iil of Ab^’iniltiire Si»il Bnroau Bull. No. 87, 1012. 

^ I/iiuhv. Vors. St.'ilion IJO (1834). 
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paddy tliat Amnioiiiuiii salts arc more eftective as a mamirc than Ni- 
trates, many iiivosli^atioiis have been caj*ried out and tlie eonscnsiis 
of o])iiiion appears to be strongly against the utility of the latter class 
of substances, although, possibly with certain vai ieties of paddy aiid 
under certain cultural conditions, Nitrates may b(‘ very elTectivc* 
when the plant is heading or approaching ripeiusss. In recent yc^ars 
Uaihuhara and imasihi/^ in Ja|)an, have shown, that denitrifu'ation 
takes plac(' very ]a))i(lly in these soils leading to loss of Nitrogem and 
to the formation of toxic Nitrites. They also showed that Ammo- 
nium salts are (piite suitable as manures, and that tlu'cro]) absorbed 
them as such. Kelly| in Hawaii has confirmed these results and, 
moreover, showed that Nitrates if\v not ri'adily absorbed by paddy 
])lants. -It may, theridoie, b(‘ a('cept(Ml that Nitjates do not persist 
in these soils, tliat they ai*(‘ Jiot propcu’ly absorbed by the ci'op, and 
that poisonous Nitrites art‘ prodmaMl from them. Nitrates and 
Ammonium salts are not used by the South Indian (‘ultivators, 
but still a knowledg(' of the b(‘haviour of such substances is of im- 
])ortance, as they aiv both produced in local soils at oiu' lim(‘ or 
another during the scvison. 

These swamp ])addy soils are (‘Xceedingly clayey in character, 
and, during the dry season, are fissured in all directiojis by deep 
cra(*ks by which air freely enters and thoroughly aerates the soil. 
Under these conditions nitrification ])roceeds, and although, the 
crop of weeds, annuallv raised at this time, must assimilate a gitnit 
proportion of the produced Nitrates, ycT, i!i th(‘ aggregate there 
must be a consid(*rable ((uantitv of Nitrate ])]’(‘seiit in tli(‘ soil wheji 
the water is admitted for the ensuing paddy ci’op. The rate at 
which this Nitrat(‘ disappears must d(‘pejul greatly on circumstances. 
If the amount of Oxygen imprison<‘d in th(‘ soil is large, or if it 
])ersists for some time, or if the fermentation of the gr(‘eJi-manure 
is slow in the earlier stages, this Nitrate may remain undecojiiposed 
for some time and have some elfect on the crop in the earlier stages 
just after transplanting. 

* Uiill. Jnij). (Viit. Sin., -laji.m, \ .>1. J, Xo. 

t l-Uill., 21, Hawaii Agii. UApll- Stii. 
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I’lic analysis of tlie soil gases immediately after water is ad- 
mitted to the field does not, however, support this view, for on July 
‘27tli, 1909, within a very few days after the time of admitting water 
to the experimental plot, very little gas was present and what 
there was consisted of 53-4 f)ercent. Nitrogen, 39-4 per cent. Methane 
and oidy '8 per cent. Oxygen. Further, in 1912, the first samples 
of gas obtained from the four experimental plots contained from 
88-5 to 93-6 ])er cent. N, o'S to 7-1 per cent. COj and only -6 to 4-4 
per cent. Oxygen. Thus it is evident that the anaerobic condit ion of 
these soils commences from the date of the first admission of water, 
long before the crop is introduced into them. Consecpiently, the 
Nitrate formed during the dry season is (piickly denitrified and is 
of no value so far as the cultivator is concerned. Neither, in view 
of the com])osition of the soil gases and the presence of a large 
amount of decomposing organic matter in the shape of plouglied-in 
weeds and green-manure, is the occurrence of nitrification during 
the growing season probable and tlie crop must as a conse<pience 
derive its neces.sary Nitrogen from the products of the putrefaction 
of the proteids present in the green-manure. 

It is this aspect of the case, which is of importance to the »South 
Indian agriculturalist, and it is one worthy of detailed study. The 
putrefactive decomposition of green-manure which occurs in these 
soils leads to the production of a number of substances. Tlie car- 
bohydrafes are vigorously attacked under anaerobic conditions 
and the proteids are decomposed with the formation of albiimoses, 
pejitones amine bases, volatile aciils of the fatty series, acetic 
acid, succinic acids, skafoi, indol, phenol, amnionia, carbon- 
dioxide and many otJier substances. iVlethanc' is also produced, 
according to Omeliaiiski by a special ferment which attacks cellulose, 
but of which, the authors have discovered no trace in the soils 
examined. The Ammonia and many of tin' nitrogenous .sub- 
stances jnoduced are absorbed by the plant and utilizeil 
in the formation of tissue and conseipiently the general 
suilability of nitrogenous manures for paddy may be stated as 
follows — 
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^fall^u■cs wliicli contain Ainnionia or which yield Ammonia 
and comparatively simple Jiitrogenoiis organic substances on 
anaerobic decomposition, arc suitable Jiianures, whereas Niti-ates 
are not suitable for swamp paddy. 

Schreiner and Skinner have shown that not all of these sub- 
stances are beneficial to the crop. Certain of them appear to be 
dii'ectly assimilated by the crop atid are utilizcal in the formation 
of tissue, but others have been shown to Ix' toxic and to injure* tlie 
cropping. Field results in the Tanje.re De'Ita* show clearly tlie 
injurious result which may arise from the apjelication of green-man- 
ure. to badly drained soils into which voimg and tender se'e'dlimis 
are transplanted, and tlnnc can l^e no (loul)t tliat the l)enofieial 
aspect of drainage in relation to swamp paddy soils is partly 
eoneeriied iji the nmioval of these toxins from the soil. Tlu* asj)eet 
of drainage to paddy is. howevea*. ('onsidtavd mor(‘ in detail in the 
sec'ond paii of this Memoir, 

Ijt localities w1hm*(‘ the lack of drainage do(‘s not jx'rmit of tin' 
removal of tlnvsi* toxins in the mannei' indicated. tln‘ same' ('iid 
might possibly he achiev(‘d by ploughiiig-in tin' greem-mamu'e 
Sf'VTi’al W('eks bi'forc the tinn' of t rans|)lantjng. so that sonn' con- 
sid('ral)le artiount of decomposition will have proc('(‘d('d by tin' time 
the yonng sec'dlings aiH' introduced. IbiegfU* has obseivf'd that 
the poisonous substances produc(‘d during the |)utrelaction ot pro- 
tcids ai’e onlv formed in the ('aiiv stages and that tln'V disa|)p('ar 
oji pi'oloiiged (h'composition. It app(‘ars therefore ]n‘obabl(‘ that 
the UK'thod outlined abov(' would h*ad to a considf'rable destrin'tion 
of the toxins, by tin' time the s(‘edlings w('r(‘ tiansi)laiit('d. 

SrMMAi;v TO PAicr 1. 

Th(' conclusiojis arrived at nniy Ih‘ summarimi as follows: - 

(1) The noi inal fernn'iitation of greeji luaiiun' in swam[) paddy 
soils h'ads to the production of a ri'latively larg(‘ piopoi’tion of 
Methane, a smaller amount ol Xitrogc'n. togf'tlnu’ with some Carbon- 
dioxide and Hydrogen. 

* H. ('. Sainl)s(.n’s Animal l^cpnil nt the .Maimanalinr A.uii. Slaliun, nUli-lli. 
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(2) The introduction of ii crop so uioditics the gas production 
that tlie ])iO])ortion of Methane in the gas is greatly reduced and 
that of Nitrogen increased. The evolution of Hydrogen is 
practically inliibited. 

(3) Tlie action of the crop is to restrict the formation of 
Methane and llytlrogen either by retarding the rate of fermentation 
or by a portion of the intermediate products of decomposition being 
absorbed by the roots. There is also evidence adduced to show that 
the normal evolution of Nitrogen is rctardeil in a similar manner. 

(4) The .soil conditions are shown to be anaerobic in character 
immediately after \vate]‘ is admitted to the fields, and tlie.se conditions 
persist .so long as irrigation profeeds. Under these circumstances, 
nitiilication is impossible and the Nitrates produced during the dry 
sea.son are ((iiickly denilrihed .so that the Niltogcai rtninircd by the 
crop is obtained from th(‘ Ammonia and nitrogenous organic com- 
pounds produced by the anaerobic decomposition of tlie proteids 
of tlie green-manure. 

(o) Uertain of the substances prod need by tins decomposition are 
toxic to the crop, and must be removed in the drainage water, or 
destroyed by prolonged decomposition before the .seedlings are 
transplanted, otherwise the ci'oj) will sud’er. The application of 
green-manure to badly drained areas mu, st, therefoi'e, be undertaken 
with circumspection and caution. 
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The (ktfies eroJred from Ihe surface of Paddij Soils, 

111 the foregoing section of tliis Aleinoir ntteutioii lias been 
called to the fact that th(‘ gases presiait in the soil itself aie dis- 
similar in composition from the gases \vlii(*h are (^voiced from the 
surface of swamp paddy soils. Tin' latter consists mainly of Oxy- 
gen and Nitrogen, and we have no^beeii able to detec't tin* jiresence 
of jMethant', Hydrogen and Carbon-dioxide in them. Tin' last 
mentioned gases are characteristic constituents of tlu' soil gasi's and 
as a ('onse(|U(‘nc(‘ tlunx' did not a])p(‘ar to beany connection l)(‘t\V(‘(*n 
the soil gases and tin' surface* gas(*s. That tln'rc* was some relal ion- 
ship, however, betwec'U tin' i‘at(‘ of (‘volution of Oxygi'ii and tin* 
))res(*nce or absein^e of a (U'op was indicaded liy a number of hap- 
hazard deteianinations made during the year 1909 and ('onse(|Uently, 
at the (‘arliest o])port unity, sonn* pot-culture (‘XjX'riments were 
institutenl to test this point. 

Two pots were taken (‘ach 1*2 inches diameter and 12 inclu'S 
high with a layc'i* of sand 3 incln's de(*p at the bottom. Over this 
was placc'd a layer (.)f jiaddy soil o.l incln.'s thick, thus allowing a 
d(^pth of 3.1 inches for tin' surface water. An arrang(‘nn*iit loi* drain- 
ing the pots Avas introducexl, which consisted ol an inverted tunnel 
embedded in the sand lay('r with its shank conimcted to a syphon 
discharging through a tubuliuv iji the bottom ol the pot, and the 
exit of which was closed liy means of a rubliei' tube and pinch-cock. 
Each pot received green-manure at the rate of 10,000 Ihs. to the 
acre, which was well puddled into the soil, and a cei tain amount of 
water was drained off each week, not sutUcieiit, however, to expose 
the base of the inverted collecting funnels plac('d above the soil, 
and so allow air to enter. Paddy was transplanted into one pot 
on December 21st, 1911, and the other pot remained uncropped. 



(JASKS OF SWAMP RlCE SOTLJ=!. 


0 >) 

The gases evolved consisted usually only of oxygen and nitrogen, 
but in the later stages, a small amount of Methane was sometimes 
present. 

Tlie following table shows the collection of oxygen in cc. : - 

Table J. 

Shoivliff/ the rate oj (oUvviion of Clnfjeo in cr. from the cropped and 

nnvropped pota. 



Cuori'Kn POT. 

Dncropp 

Kl> POT. 

Daily Pv- 






ccss of O.xy- 






^cn "iven 

1 ) \ TK. 





off from 


cc. O 

t 

Daily 

cc. O 

Daily 

tli(‘ iincrop' 


rate. 

rate. 

ped ])ot 1 - 
or - - 

IMst Di'ccnilx'i' UU 1 to t)tl\ .liinuarv ltU2 . 


Ke:) 

2(0 

24 -U 

4 22 .> 

<)th to 12th .lanuarv ltM2. 

VM) 

21 'll 

241 

40'() 

+ 1S'4 

I2lh „ null 

UU 

27 "2 

224 

22-4 

+ (U2 

l!Ml» ,, 2 r»th 

244 

:i4-t) 

ih:i 

2 t)*t 

--S-S 

2<>th .lanoarv to 7th F(>hniarv l!U2 

HIT) 

2K-(> 

:)42 

4IC2 

+ 2(l(i 

7th to 21st Fohruarv Ihl2 

.*>S4 

41-7 

72K 

.V2-7 

+ 110 

2 1st Fohruarv to .■)( ii March IIU 2 

Ads 

t:J'7 

S 22 

(■>4 (I 

+ 20*2 



a verace 

- 

a^•cra}ic 

a v('rauc 

'Total an<l axcia'io . 

1 

2,eiC) 

:i2-2 

2.h7:> 

4 2 -7 

TI 2-2 

It is evident that in this (uxptuument tie 

e ('fleet of tlu 

' crop was 

to losscn the evolution of ()xyg< 

n by 

S80 cc. 

or e(|ual to 1 

To (‘c. per 


day on the averag(\ It is also evident that tl\e absorption of Oxy- 
gen is not uniform throughout tlu' period, but that it took place in 
two stages. A rcderciu'e to the last column of tlu' tal)le will show 
tliis, wliere the daily excess of Oxygen evolved from the uncuopped 
pot is given. From Diu'cmber 31st to .buiuary 19th tlu' dailv (‘xcess 
gradually diminishes until, between Jaiuiarv 19th and Felmiary 
7th, theie is more Oxygen (‘volved from the cropped than the 
uncro])ped pot. Afterwards there is an excess of Oxygeji evolved 
from.tlie uncroi)pe{l up to the end of the experiment. 

These lesults were so definite that it was deckhul to lay down 
a more extensive seri(‘s of experiinents and, accordinglv, two series 
wore started early in 1913. The two series were parallel experi- 
ments and ditfered from each other only in the depth of the pots 
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aud the size of the collecting fuiuxel. Eacli series consisted of 
cropped and uncropped manured pots and similar unmanuretl pots. 

In Series 1 the pots were 18 inches high and 14 inches cliameter 
with a layer of sand (j inches thick on the bottom and above this 
40 kilos of soil. 'I’he gas collecting funnel was 10 inches diameter. 
Series 11 consisted of pots 10 inches high and 12 inches tliameter 
with a 6 inches la^'ci' of sand and 20 kilos of soil. The funnel in this 
case was only 8 inches diameter. To the. manured |)ots green- 
juanure was added at the rate of 5,000 lbs. [)er acre. 

All the pots were, undrained, thus differing from the previous 
cxj)criment. The seedlings were introduced oii February 12th, 
but the gases were not collected until the scedlbigs weie established 
on February 24th. 

The results are tabulated below : — 

Taule 11. 

fSlioivinji l/ic O.ri/dCH croJxlioH from llic pcAv <tj Senes /. 


.MAM KEI) eol's. 


rN.MANrUKI) PdTs, 


( IKU’I’KI). I'ni 




1 


1 ).\il\ 

‘^4th iM'by. t(i 

( ) 

r.il«' 

( ) 

r.ilc 

Murch \U]:i 

IJrd Maroli to lOlli 

2 0 

•00 

2 1 

•04 

Maivh \\)\:\ 

10 1 h March tn 1 7l h 

2 1 

•01 

2h 0 

.’i 7.0 

Maivh \\)\:\ 

17th March to 2Sth 

0 1 

l*0h 

7)1, 1 

S (17, 

March \\)\:\ 

28th .Marcli to Ith 

1 1‘0 

1 *0.7 


.oo.o 

A])iil 10 10 

4th to llth .\|)ril 

10 7) 

1 -02 

01-2 

1-4.0 

1010 

llth to 17th .\pril 

20-0 

2-87, 

20 1 

0 0(1 

lOlO 

17th to 20nl April 

17)0 

2-7,7, 

2ti'7 

1 4.0 

1010 

20rd to OOth April 

10 0 

2-71 

14-4 

7-4(1 

1010 • 

OOth Ajiril to 71 li i 

7,1*2 

7 01 

17 0 

2*17 

May 1010. 

7,4 0 

7 77) 

20 0 

1*18 




, — 

— 


Total aiitl average 

100*0 

2-7«’, 

022*0 

4*18 


D.iily 

(Otol 

•I'KI). 



Daily 

cXCt*.''.S of 





‘.XCC.S.S of 

Oxy^ci) 



— - .. 

— 

D\'\ Hell 

from 

cropped 

pi,ts 

C<’ 

O 

D.iilx 

r.ilc 

() 

Dnily 

rale 

from 

Fropprd 

for 


cc. 


cc. 

‘ nr - 

01 

1 1*0 

2 12 

ir. 

21 

1 01 

4 0 1 1 

If 8 

2 11 

2-0 

•28 

1 80 

4 (c 7 .. 

1 0 

. 

1.0 1 

2 20 

4 1 '40 

, 1 (iO 

1-2 

•21 

10 1 

:;oi 

: 0 07 

; 2 -.00 

11 

•20 

28 0 

1-00 

f .-{•so 

4 ' 4.0 

1 *.0 

■21 

;{ 8 -(i 

o-.oi 

47 ,’:i 0 

4 1 110 

•7 

-IO 

:;oi 

.0 (Mi 

h roii 

; 4 ()0 

1 -1 

•IS 

10 0 

001 

-f o i;; 

1*81 

2 4 

■01 

12-8 

1 -82 

i 1-48 

0-.07 

11*4 

1 •Ii 2 

7 '1 

f-io 

|■.02 

4 1-72 

.01 -0 

•71 

M ,0 1 

2-77 

2 (»:; 


02 
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Tahlk III. 

Shofviiuj erohition jro)a the j)ots hi t^erles I L 


MAXL’EEI) rOTS. 


I’NMANL’EEO J’Ors. 


l)a(« 


Dailv 

r;U<‘ 


L»4th Krl)\. l‘> .‘Jrd 
Maivli 

:inl to HKh March 
lut’n to 17th March 
ITtli to ’^Sth Mai’cli 

ltn:{ 

2st li Mar< h to 4t h 
April I'.U:!. 

Ith to lllh April 

J Itii to 17th April 

17lli to ‘Joid April 

‘ilhd to :U)lh Apiil 
i!n:i 

.‘>0th April to 7th 

Mav nn:; . 


'I’ol :il and a \ cr.i,i:c 


■Jt; 
!•:! 
11 
.7 -I 
(!•!» 
7 4 1 


oli 

;.i 

:m 

A\ cr- 
ane. 


Tni ra)l'l*Kl). 

Daily 
r.vciss <>l 

CKoIM’KI). 

rN( iu)i*i*i:i>. 

Daily 
(‘xeess of 



(»x \ uen 
irom iin 
cropped 
pot 

-l-<»r - 

! 




- oxy^fn 
I'rnni nn- 
eroppe<l 
pr)|. 

\ oi’— 

Cl-. 

o 

D.iiK 

rale 

cc. 

ce. 

() 

Dail\' 

rale 

ee. 

Daily 

ee. . • 

O 

ee. 

r»!-L> 

S-74 

- S-27 

.7-4 

"77 

7-S Dll 

i -dl 

i:c.7 

(i-21 

.7 -84 

1 -7 

-21 

lS-i> 2*70 

4 2- It) 

tro.d 

0-hl 

S-S7 

2-0 

-2S 

dtl'S 7'tiS 

i 7-10 

107-4 

'.C7(i 

-[■ ti-co 

•7 

•01 

127d 11 -do 

, 11 -dd 

4.7 -.7 

(i-.7P 

d-7-7S 

•1 

•0.7 

dico .7-77 

-1 7 -.72 

7.7 •<; 

!(CSO 

-1-0-S2 

1 -1 

•1.7 

(;,7-2 0-di 

! 0-10 

r»s-2 

1 1 -dti 

lO 20 

:ci 

•72 

7'.co irsd 

i trdi 

isr. 

■S-IO 

. 7 .71 

io 1 

1 (yS 

:;i-7 .7'2s 

4 d 110 

da/ 

./lit 

•f l -.7r» 

‘02 

1 -di 

22-S d-27 

1-1)1 

•’,7 

(;0 

d-nt 

7-1') 

1 -OS 

27-0 d-S.7 

2 -77 


\Ncr 

aLic*. 

A\ eraire. 


A^(n•- 

Aver- 

Aver.), 2'“. 

774-2 

7-07 

7-1.7 

!o-;i 

'70 

idti-7 tititi 

.7 -.70 

10S(‘ 

of 1 he 

<*arlit‘r oxp(*rinuml . show a 

miK'll 


T]h\s(‘ r(‘siilts, lik 

loss (nd.iliitioii of OxygcMi from tlio (*ro])|> 0 (l pots than from the 
iiiK'ro])po(j olios. 'l\\c smallor (‘Volution of OxyytMi from tla^ 
oro])po(l pots only ooiilimios (lurijifj; tlu* aclivt' ^rowiiyii; ptM'iod, for, 
as soon as Ili(‘ rii)oiiiii<»‘ sta<»(* is n'aoliod (aliout April 2:}rd) au 
iiioroasod ovoliitiou occurs, and in fact, in tlio first, stniivs moiH' 
Oxy^tm is (Aolvod tliaji from llio •coi'rosponding iincrojiptMl pots. 

Tli(‘ dilTiM'tmt t' Ixdwoon tlio rat(‘s of evolution of ('ropjiod and 
imcroppod ])ots is sliowji in tli(‘ above tabl(‘ and lids may b(' looked 
upon as jntMsuiii:j> an absorption of Oxygon by tlio crop. With the 
exception of tlio nnmanured pots of Hei ios No. J there is a sudden 
docroaso in tin* ]at(‘ of absorption about the first week of April, 
just bofort* the cro]) headed and it would, therefore, appear as it the 
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^rowtli of paddy took place \n two stajjfi's. Wdiat Ix^aring tins has 
on nianii]‘ial and cultural probhuns is not (juite clear ; but it is 
interesting to jU)te that aroinid Palj^hat, it is customary, on C(utain 
types of soil, to mamne the crop at half f>’*'<'>^vth. The authoi’s 
are unch'r tlie im])ressio]i that a similar piocixlurc' is (‘Ustomar\' 
with (‘ertain (Tinesc' cultivators of paddy. 

The smallei* evolution of ()xyg(Ui from the cr()])p(*d pots and its 
relaiion to th(‘ staii;(' of f^rowth of th(‘ plant im|>li(*d some comu'ct ion 
between th(‘ life of th(‘ cro]) and the proiluction of Oxygen at the sur- 
face'. of th(' soil. At this sta^c' our colK'a^ue Dr. ( '. A. Ikarlxu* V(‘iy 
e;e])eiT)Usly ])laced before us the lu'sults ol his ('xaniinat ion of paddv 
roots of dilTerent types whi(*h l(*d Itim to th(‘ conclusion that these' 
roe)ts are' ne)t typiead water plant reads, as we)uld be e'xpeeded. but 
that they are similar to the' re)e)ts e)f ordinary dry land cro])s and, 
as such, thc'y we)uld ivepiire ae'r<dio]i if tlu'ir headthine'ss is to be' 
maintaitieel. It was. the're'fe)re. e‘e)ne*luele‘el that the' Oxyge'ji eve)lved 
at the surfaea' of t h.e se)il was utilize*el l)V the |)lant fe)i* the' pur))ose‘ 
e)f ae'ratioti of the roe)ts. 

The e-ause e)f this e've)lutie)n was trar*ed bv us to a film of or^'an- 
ize'el e;re)wth spre'ad e)V(‘r the' surfaea' e)f the se)il whied) vai’ie's ea)n- 
siele']*ably in ediaraede'r in elitlere'iit localitie's. Afya' e)f vai‘ie)us 
kinels ai’e' usually i)r(\se'nt in ea)nsie|e'rable' ejuanl ity, but e)(a‘asie)nall\’ 
films aia* e)btained wliiedi aie* |)rae'tie'ally e|(*ve)ie| e)f siiedi growths. 
I)iate)ms are' invarial)ly pi'cse'iit. e)ea'asie)nally te) suedi an e'xtejit as te) 
pi‘e)eluea' a fl'iable' white' skin e)ve']* the' surfaea' e)f the' elrie'd e)IT se)i!. 
whiedi has be'cn mistaken Idr a saline* incruslal ie)n. Aparl fre>n] 
the'se' oi'ga nisms, the*re a])pears te) be* a ea)nstit ue*nt e)l the* (dm e)f a 
baede'rial nature. Diirino; the' pre)o’r*e'ss of the* pe)t eailtui’e' e*xpe‘i*i- 
me'uts a film ij;ia'W up the' inte'iioi* e)f the' funne'Is. whiedi was sliyhtly 
brown in coloui’, due te) the* prese*nea' e)f eliate)nis anel e'arlhy j)arli- 
cles, but whiedi cemtaine'el ne) <>'re'('n afiija'. rnele'r the* nnVreiseaipe* it 
was found to eamsist eif irre'gular filanu*nls whiedi slieiw ne) eh'diiite* 
structure anel whie*li aiv covere'el witli baederia, the* latte'i* lie'ing 
arrangexl Avith theii* long axis jiai'alle'l te) the* elire'e*tie)n e)f tlie^ 
fdament. Ocejasionally films are eiblainoel from the (ie'lels whiedi 
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contain a very small proportion of algal growth and which appear 
to consist almost entirely of this unorganized filamentous growth 
together with d [atoms. 

In Plate II, Fig. 1 shows the general character of this film and 
Fig. 2 a single filament magnified 1,000 diameters. 

The function of this latter growth is at present undetermined. 
Considering the facts that (1) we have not been able in the field to 
demonstrate the presence of gaseous Carbon compounds in the 
surface gases, and (2) the amount of Oxygen evolved from a field 
is increased by the })resence of green-manure in the soil (page 104), 
it would appear possible that this growth brings about a change in 
the carbon constituents of the soil gases such as to make them 
available as food for the green algie. Support is given to this by 
the fact that we have been able to isolate cellulose, or some closely 
related substance, from films which contained no green algse or 
organised growths other than diatoms. 

These observations, which led us to the conclusion that the 
aeration of the roots is largely due to the agency of the surface film, 
practically supplement and confirm the work of Brizi,* in Italy, 
work to which our attention has only recently been called. 
Brizi states that the roots of the rice plant do not conform 
to the aquatic type and showed, by means of water cultures, that 
aeration was absolutely essential for their growth. He also showed 
that the introduction of algae, obtained from rice fields, into cul- 
tures devoid of Oxygen, but in which Carbon -dioxide was present, 
was sufficient to thoroughly aerate the roots and promote healthy 
growth. This was due to the algae a.ssimilating the Carbon-dioxide 
and liberating Oxygen. His experiments led him to the conclusion 
that the pre.sence of algae in rice fields must largely increase the 
quantity of dissolved Oxygen in the irrigation water and lead to 
the efficient aeration of the roots. His work, taken in conjunction 
Avith our measurements, shows clearly the importance of the surface 
growth to the crop. In the best examples of this surface film, it is 
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thick and tenacious and practically continuous over the surface 
of the field. Between it and the soil surface accumulate large bubbles 
of gas which on analysis rarely contained leas than 50 per cent. 
Oxygen, so that under normal conditions there is an atmosphere 
very rich in Oxygen in contact with the soil and capable of strongly 
aerating any water passing into the soil or water already present 
in the soil and in contact with the Oxygen. 

Reference has been made to the fact that the surface gases 
evolved from paddy soils consist not only of Oxygen, but contain 
large quantities of Nitrogen as well, and the connection between the 
two is shown by the fact that applications of copper sulphate greatly 
reduce the evolution of Nitrogen just in the same way that the Oxy- 
gen evolution is inhibited. This is well shown in the following table 
which gives the results from a typical experiment. 

Table IV. 

Shomng effect of Cop'per sulphate in inhibiting the evolution of the 

Surface Gases. 


D.ate. ' 

. i 

0 . : Daily 

<). 1 

I in ec. 

! 

i 

! 

Daily 
rate 
in ce. 

Remarks. 

23rd December 1912 to 3rd January 1913 * 

i 

3rd to 7th January 1913 . . . | 

13 t) ; 1 23 

7 0 i 1-90 

19-8 

1 

21-4 ; 

1*80 

5*35 

No eop|)cr 
s u 1 p h a to 

1 present. 

7th to 18th January 1913 

1 

o 1 *05 

j 

5-J I 

*5") 

i 

18th to 30th January 1913 . , . ; 

30th January to 12th February 1913 . I 

•9 ; 07 

! 

D2 I 09 

1 

9*0 

9*0 1 

! 

•75 

•73 

' C o p p 0 r 

1 s u 1 p h ate 
present. 


It would appear that this Nitrogen is derived originally from 
the air and that its evolution is obviously connected with the pres- 
ence or absence of a surface film. The analysis of the gases from 
cropped and uncropped pots also brings out clearly the fact that the 
amount of Nitrogen evolved depends upon the presence or absence 
of a crop and varies approximately with the amount of Oxygen 
evolved from any one pot. The cropped pots give off less Nitrogen 
i^an the uncropped pots, and the difference between the volumes 
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shows ill a g(MUM*al w^ay tho saiiio variations as those of the Oxygen 
evolution. 

The evolution of ^Jitrogen would, therefore, appear to be 
dependent upon that of Oxygen, thus pointing to its being a, purely 
physical phenomenon. The Oxygen evolved is the residue of the 
Oxygen produced by the surfa(*e film wlii(*li lias escaped absorption 
by tlie roots and collects, as we have shown, in bubbles under the 
film. The green algal growths give off practically pure Oxygen, 
so that, in the first instanc(% bubbles of pure Oxygen will colled. 
Surrounding these bubliles is water containing amounts of Oxygon 
and Nitrogen in solution proportionate to their partial pressures 
in the atmospher<\ but at the point of contact with the bubble the 
])artial pressure of Oxygen bec'onuvs ridal iv(‘ly high and that of Nitro- 
gen low ; conse(|U(Mitly there is a tendency for Oxygen from the bubble 
to go into solution and nitrogen to come from the w^atiu* to its place. 
This action will go on until eijuilibrium occurs and the liubble of 
gas will no longin’ consist of pure Oxygen but a niixtun' of the two 
gas(\s. 

The greater th(‘ amount of Oxygen colhading at th(‘ surface of 
the soil the greater will lie th(M)uantity of Nitrogen evolved. Thus 
the rate of the Nitrogen ('\'olution from the pots will follow gimerally 
that for th(' Oxygim, 


The elfect oj the Didinaijc (Ofd Aeratloi^ oj the soil oo tlie erop. 

On consid(*]‘ing ('arefully the results (^f oiii’ obsei’vations on the 
relationship of the evolution of Oxygen to tin' a(‘ration of the roots, 
it was clear to us that tlu' drainage of ])addy soils must be an 
important factor with regard to the amount of aeration pi’oduced 
in them. In iindrained soils the aerated water at the sinface of the 
soil could not ])ossibly enter the soil and couserjuently, aeration 
wotdd be ic'stricted to the surface layers of soil. On the other 
hand, drainage would causi^ the* aerated surface water to penetrate 
into the soil and aeration would be deeper. This being so it aj)peare(l 
probable that th(‘ depth of aeration would lie proportionate to the 
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rate of drainage, and the greater the rate, of drainage the deeper 
would be the aeration of the soil with, probably, a proportionately 
increased cropping. 

Again, as the aeration of llie roots bears such an important 
relationship to the growth of tlie eroj) it a])peared to ns probable 
that the effectual aeration of the soil could be achieved with the 
expenditure of much less irrigation water than normal, by periodically 
draining the f)ots completely and lluis permitting air to enter the soil. 
Further, this aeration of the soil would produce more a(‘rol)ie condi- 
tions and there would be le.ss danger of an excessive amount of toxic 
substances being produced. 'I'he conditions would also he more 
suitable for nitrification and this*miglit have a favourable action 
on the growth. 

Accordingly to test tlu'.se points two s(‘parat(! experiments 
wore instituted, one series to determiiu' the effect of varying rates 
of drainage on the cropping, and the other to test the effect of 
aerating the soil by permitting the pots to di’ain thoroughly 
between consecutive irrigations. 

The efject of Dniinaejc on the crop. 

In this expei'imont the pots wen* 12 inches in diajneter and 
contained, on the bottom, a layer of .sand weighing 10 kilos and above 
this a layer of 12 kilos of soil. 40 grammes of gi'(‘en-maiiure were 
added to each pot and drainage was j)rovidcd for by means of an 
inverted funnel filled with sand, embedded in tb(> .sand layer 
and connected to a syphoji discharging through tlu* tubulure in the 
base of the pot. Continuous drainage' was not given, but each pot, 
on the appointed date, was allowed to drain until the surface soil was 
nearly uncovered when the drainage was closed and fresh water 
added. The time elap.sing between coiusecutive drainings varied 
from 1 to 7 days, but each pot received unifotau treatment 
throughout the experiment. When the time of ripening approached, 
all the pots were drained and only kept moist until the harvest 
taken. The same number of plants were present in each pot. 

3 


was 



CASKS OK SWAMP KICK SOILS. 


‘)8 


'Plio rosiilfs obtained 


are given in the following tat)les : - 


Tai$t,k V. 


Sliowitm I he P/'odi/ctioi). 



So far as the production of grain is concerned, it is at once 
cvid(>nt that drainage exerts an exceedingly beneficial effect . At the 
same time, it is apiiarent that this effect is not in proportion to the 
amount of drainage, but that a maximum cfIVct is produced with 
mdy a moderate amount. Excessive drainage reduces the yield to 
within measnrabh' limits of the undrained pot. The. amount ol 
Nitrogen accnmulated in the grain also shows the same variations. 


Table VI. 


Shon'ing Stmir and ChafJ Prod ad ion. 




Skimivs 1. 


s 

ERlI-bS 11. 


KM’KIUMRNT. 

'.VI. in 

Loss 

«n* 

\Vt. of 
ill 

\V1 . ill 

Jin I.s. 

TiOSS 

or 

\Vt. of 
N. in 



increase. 



inereasi*. 

jjins. 

CiulrainiMl 

24-70 


•070 1 

21-45 


•072 

DraiidMl cverN Ttli day . 

10*75 

.‘Voo 

•0(i5 

21-80 

*05 

! -071 

ird - 

2(i-40 

+ I-T0 

•104 

27-45 

4*0-00 

•001 

„ *-2nd . 

20-57 

1 4- 10 

•0(i7 

2(>10 

4-L05 

002 

day . 

. i 24 -a? 

-•00 

1 

•(I’.I'O 

1 

2000 

+ 4‘55 

•or>o 


.Mthongh tin- agreement between tlu'se two series is not good, 
yet, it is evident that the maximum production of straw i.s produced 
with drainage every 3rd day. 
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(V)nso(jiiontlv, it would appear tliat ])a(l(ly rocpiiros ouly a 
niodorato amount of draiiiago to onahlo tho crop to produ(*c its 
uiaxiiumn yield, too much drainage being chdriuiental. 

The effect of Aerating the Soli. 

The i)ots in tlies(» experiinents were 12 inches diameter and 17 
iiu'hes liigli. 12 kilos of sand were placed on tlie l)ottom and over 
tliis a layer of 15 kilos of earth and drainag(‘ was arranged for as 
described in the j)r('vious experiment. 40 giamnuvs of gre(m- 
manure w('re puddh^d into tlie soil of (‘ach pot. 

One [)ot remained undrained throughout the whole period 
and of the remaining pots a system of alternate swamping and drain- 
ing was instituted. All tlu^ |)ots wen^ allowed to remain cov(n*ed 
with water for tlinM* days and then W(n*e allowcMl to drain for 1 . 2, 4 
or S days before being swam])ed again. The drainage was complete 
in each (*ase, thus (*ausing air to enter the soil, the obj(M‘t being to 
indu(*(* (‘onditions mon^ likely to (*ause nitrification than those 
normal to swamj) soils and also to endeavoui* to obtain a relatiX^e 
measure of th(‘ values of dissolve<l Oxygen and gaseous Oxygen in 
aerating the roots. 

The results are set forth in the following tables : — 

Taulk VI 1. 


Showing the effect of (llfferenf periods of Soil Aeration on the Prodne- 

tion of drain. 








Skuiks I. 


1 Sfjues 11. 





Wcinlit 

Loss 

Wcijfht 

\\ CiLilit 

1 A )SS 

Wriuhl 






of 

or ill- 

of Ni- 

of 

or in- 

of N4. 






m’ain. 

trrast*. 

ln)j*cn. 

LO-ain. 

creaso. 

t I’om'ii. 





1 cr>s 


■14:» 

14 -48 


■147 

( 'ovrmi 

for 

1 (lays 

and 

(IraiiH'd 





4 1-41 

•ni4 

1 (lav 



, 

nr.io 

4- 1 -72 

■ 1 7 .7 

1.7 SO 

( 'ovovfd 

for 

{ days 

and 

drained 



•ISO 

l4-:oi 



2 (lays 
Co veered 

and 

drained 

lliMiO 

i 202 

- -12 

- :i oi 

•1.71 

•102 

f(^r 

1 days 


10 .77 

4 (lays 
Covered 

and 

draim'd 

12-7d 

^ 1\S2 

f(^r ! 

days 

•or^i 

4 ‘0.7 


•or>4 

8 days 


• 

r,-2S 

- fr20 

— o-s:i 


100 GASES OP SWAMP RICE SOILS, 

Thus, aeration of the soil has an effect which reaches a maximum 
at between one and two days’ aeration, 3 delding on the average 
about a 10 per cent, increase, but longer aeration than this is very 
detrimental and the yields are much worse than those of the un- 
aerated pot. 


Table VIII. 


Showing the effect of different periods of Aeration on the Production 

of Straw and Chaff. 
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The production of straw follows the same variations as that 

of grain, but in a more distinct manner as the maximum increase 
is about 20 per cent. 


The conclusion is evident that a small amount of aeration leads 
to a somewhat heavier cropping, but the increase obtained, so far as 
gram is concerned, is not so marked as with simple drainage. It 
would therefore seem that the admission of air to the soil does not 
lead to as effective aeration as simple drainage. The explanation 
of this would appear to he with the concentration of the dissolved 
Oxygen m the soil water. W e have previously shown that the normal 
condition of paddy soils is such that the water entering the soil is 
very strongly aerated owing to ite having been in contaeVwith 
an atmosphere very rich in Oxygen, whereas the admission of 

eouttl tcrw """i yield a weaker solution ipiiroximUtely 
equtiJ to that produced by contact with air and the aeration of the 


PLATE III 



Root Developineat ia tLndrained pot. 





PLATE I\L 



Root J >ovelopinent in draca^A pot. 
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roots would be proportionately less. The, further conclusion may 
also be drawn that Oxygen to be elective must be presented to 
paddy roots in a state of solution. 

One fact was very clear that the periods of aeiiatioii, if prolonged 
much over 24 hours, had tlic effect of preventing the formation of the 
surface film and thus tlie aeration of tlie loots during the period of 
swamping was not effi'ctive. 

The efject of Drathiuje ott the Root aetloii of Paddjj, 

The action of moderate amounts of drainage in promoting in- 
creased cropping is obviously conv>.ecled witli the introduction of a 
greater amount of dissolved Oxygen into the soil. An examination 
of the root development in the drained and undrained pots showed 
that this increased aeration liad led to a de(‘pei- and morci extended 
root action. In tin'. undraiiuMl pots tlu^ greater proportion of roots 
were distributed through the top layer of th(‘ soil at the point where 
aeration could only take jilace aud conse([U(‘iitly, the mass of soil 
from which they drew their substance, was rest rictisl and the crop 
suffered as a consecpience. On the other hand, in tlie di*ained pots 
the penetration of ()xyg(Mia<(‘d water into the (h^pthsof tlK*; soil had 
induced a deeper root development. This action of drainage is well 
shown in the pliotographs in Plates 111 & IV wlierc' the root develop- 
ment in undrained and drained pots is contrasted. Although, with 
a small amount of drainage there is a much deepei* root develop- 
meJit than in the undrained condition, yet, tlunx* does not a])pear 
to be a greater jiroduction of j'oots. for, tlu' undiained pots yi(dd(‘d 
a total of 19-75 grammes of dried roots and the [)ots drained every 
third day 19*90 grammes. On the other hand, a (|uic*k late of drain- 
age reduces the amount of root produced, the pots drained eveiy 
day only yielding 11-7 grammes. 

These results of the drainage experiment are a[)parently con- 
flicting. It would be expected that increased diaiiiage would lead 
to increased aeration, by bringing larger volumes of aerated water 
in contact with the loots. Whereas, the maximum eflect is 
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attained with a comparatively slow rate of drainage, and increased 
rates lead to reduced cropping and root development. The 

explanation lies in the fa(;t that the quicker rates of drainage had the 
effect of decreasing the growth of the surface film and, as a matter of 
fact, no visible film formed in the pots drained every day. It is, 
therefore, apparent that ([uick drainage, by inhibiting the growth 
of the surface film and thus preventing the evolution of Oxygen at 
the surface of the soil, may actually lead to decreased aera- 
tion of the roots. Thufs, the most efficient rate of drainage is not 
the quickest, bat that one which permits the film to maintain fall 
aetieitip 

This being the case, the explanation of the universal custoJii 
of puddling these soils and so reducing the drainage through them is 
apparent. During the dry season the soils dry and shrink and 
their physical condition becomes coarser so that their rales of drain- 
age would be increased. On puddling the soils when water is 
adiuitted the aggregate particles formed during the dry period are 
broken dowji and the soil returns to its original cojidition and rat(i 
of draijiage. It is obvious that the amount of jniddling given will 
affect the drainage in pro])ort ion and it would therefore appear that 
the ryot has at his command a simple method of regulating the 
latter, and as a consecpience, the aeration of his soils. 


The relation of drainage to aeration has also an important 
bearing on the formation of new paddy soil. Dry soils, even when 
of a heavy nature, do not yield their maximum crop of paildy at once 
when converted into wet lands. Usually, tin; yields of the first 
few yeais are exceedingly ])ooi- and it is only after several years have 
elapsed that such laud is looked upon as even fair swamp paddy soil. 
Some investigations carried out by us several years ago led us to the 
conclusion that, in the first few years aftei jjaddy cultivation is 
initiated on land pieviously under dry cultivation, the main change 
taking place was a sorting of the particles between the soil and 
sub-soil, the coarser particles tending to accumulate in the sub-soil 
and vice versa. Afterwards, this action diminishetl and then it is 
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possible to demons tratc that, in both soil and sub-soil, f lic main 
effect of the cultivation is a bieakiug down of the soil particles, thus 
producing a heavier soil as years go on. Thus in these new soils 
the rate of tlrainage is contijuiully tejiding to diiiiinish aiul it is ixot 
until this rate pej niits the formation of the sui facc film that the inax- 
iinum yields are obtained. 

Hutchinson* has recently publisheil an article ilealing with 
relationship of drainage to rici* soils showing that drainage is bene- 
ticial to the crop[)ing which he ascriljes to the removal by tlie drain- 
age water of the toxins produced by the (.hicomposing manure, and 
also to the possibility of the foi iuatiou of Nit rates. Then^ can be no 
doubt tbat one of the functions of drainage is the remoN'al of noxious 
substances from the sphere of the activity of the roots, as we have 
pointed out in I’art 1, but wc are unable to agree to his theory of 
Nitrate piodiu-tion. 

I n th(‘ fii'st place, if the good elTects of drahiagc we)'(' merely 
due to the removal of toxins and the formation of nitrates from the 
Oxygmi dissolved in the water tlnm, within reasonable limits, the 
(juicker the drainage the ladter shouhl l)e the. results obtaimal. |ji 
our expcjiments the I'emoxal of wabu' every second day cannot 
be looked u]»ou as constituting aji e.vcessive rate of drainage, yid 
(he residts in cropping were vcjy much worse than those produced 
by a slower rate of drainage. 

further the relation of Nitrates to well rlraiued paddy soils 
has been st udied by Kelly f in I lawaii who has shown that ( I ) denitri- 
fication is very rapid, (2) if Nit rates are present, poisonous Nitrites 
arc produced and a concentration of the latter of oidy o parts 
per million of soil injures the crop, (3) rice seedlings arc unable to 
assimilate Nitrates, and { t) Nitrates used as a manure show little or no 
effect and, in pot culture, stunt the growth. Ihc evidence adduced 


"• Agii. J. liulci. Vot Vlll. I’iUl I, 
t Loe. til. 
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by Kolly goes to sliow that tho formation of Nitrates in swamp 
paddy sojls woidd Jiot lielp the plant. 

In addition, when it is taken into consideration that in our field 
exp(“rinients we only foinid traces of Oxygen in the soil gases, the 
possibility of Nitrate formation is very remote, especially in the 
presence of large (|nantiti('s of decomposing green-manure. The 
drainage of the fields expeiim(>,nt('d with Avas (piite good so far as 
paddy soils go. 

The residts of our aeration experiment would also appear to 
support the contention that Nitrates are not utilized by the plant, 
for, with admission of air to tin- ijoil, the fermentation of the green- 
manure would l)(‘come more acn-obic in character and the formation 
of toxic bodi(‘S reduced in amount, and, at the same time, the condi- 
tions would be more favourable to the production of Nitrates. The 
results, although showing some impiovement with a, slight 
amount of aeration, are not so good as tliose produced by 
simple drainage and in fact strong aeration leads to a decreased 
outturn. 


The I'elaltonnhi p oj G'reen-inanuriiKj lo the aeiallon 
of the Roofs. 

Krom the point of view of the South Indian cultivator the 
ndationship of the grc'en-manure, which he uses, to tin; aeration of the 
loots is of prime importance. l)o(>s the presence of this large 
(|uantity of organic matter in the soil tend to prevent efficient 
aeration of tin' roots or does it improve the aeration by increasing 
the activity of the surface film ? 

Ill a pi'c', ions paragra|)h we have discu.ssed the relationship of the 
film to those constituents of the .soil ga.ses nld^h contain Carbon 
and we have indicated tin' po.ssibility that these substances are inter- 
cepted b\ ihe film and are utilized in such a way as to promote 
increased activity. If this is the case, it would be expected that the 
increased fermentation going on inthe soil owing to the presence of 
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green-manure would lead to a greater pi oductiou of Oxygen by the 
film. That this is the casci is shown in the following table : — 

Tahlk IX. 

Showi/tKj the produchon i.h cc. of Oxifgeii and Nitrogen in. manured 
and unmanured uncropped pots from. December 2‘Srd, 1912, to 
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Thus the evolution of Oxvfren was inci'easod on the average by 
48 per cent, in the presence of groen-inaiuii’e and tliat this extra 
gas was utilized by tlu' crop is shown in tlie following table : -- 


T.\hle X. 


Showing amount of O.rggen in- ce. absorbed, bg manured and unma)tured 
crops from Februarg 'lAth, 1913, to April 2'ird. 1913. 
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In both series there is more Oxygen absorbed by the manured 
crop than by the unmanurecl crop to an extent, on the average, of 
31 per cent. Con.seciuently. not only does the addition of green- 
manure to a soil lead to an inci'cased evolution of Oxygen, but this 
increased amount is available and is utilized by the crop. Thus, 
apart from all considerations of manurial value or its function in 
altering the physical texture of the soil one of the most important 
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funclioHs of (jreeu-nuitiuring lies in promoUng an increased aclivilg of 
the surface film which leads to (jreatcr aeration of the roots. 

Tlic pnicticc of giceu-iiianuriug, so general in South India, 
is, therefore, (juite sound in principle so long as there is drainage 
present in the soil. It is oidy when the drainage is deficient that the 
toxins produccil iluring the fermentations arc able to affect the 
growtli of th<! crop (Ictrimentally, and under these conditions, the 
green-manuring should only be undertaken after careful consider- 
ation and even (hen with great circumspection. 

Su-M.MAUVTO I’.AKT II. 

Thes(> investigations have led the authors to the conclusion 
that the surface film of algie, etc., which covers the surface of swamj) 
paihly soils and which evolves large (juantities of Oxygen, is the 
chief agent in causing the aeration of tin; roots of the crop. 

The Oxygen evolved by this film is dissolved in the irrigation 
water and thus produces a very liighly aerated solution from which 
the loots derive the Oxygen essential for them. In undrained soils, 
this solution does not penetrate into the soil, and, conseipiently, 
the roots are congested near the surface of the soil and the amount 
of soil from which they derive their food is therefore limited and the 
cjoj) Sliders. In drained soils this strongly aera ted water penetrates 
the soil and tin! roots are able to penetrate to a greater depth. 'I'he 
mass of soil from whicli the food supply is drawn is increased and 
the crop benefits in proportion. 

loo great a I'ate of drainage decreases the formation of the 
lilui and the aeration of the roots is thereby lessened. There is 
therefore for all swamp paddy soils an optimum rate of drainage 
whieh ])rodnces the greatest aeiation and this rate of drainage is 
a comparatively slow oni'. 

Aeiation of these soils by atmospheric Oxygen is not as ell'ectivc 
m piomoting lom. aiuation as is aeration b', tin; water draining 
througli tliem. 

Ihe use of green-manures in drained paddy soils induces a greater 
activity on the part of the surface film, thus leading to a better 
aeration of the roots. 
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I'KKKACK. 

Thk invostiwations which form the basis of this Memoir ha\'o 
been in progress since the year 1000, and alUiongh they cannot 
be sttid to have reached finality yet tlie character of the results 
o])tained, and their connection with the growtli of the crop makes 
it <lesiral)le to pnt them on record. It is hoped that tliev will 
attract attention to the peculiar conditions of these swam)) soils and 
accentuate the differemee between them and dry soils. 

We wish it to be clearly understood that our ex))eriments 
have been conducted with, and oiw conclusions a|)ply only to, such 
paddy .soils as are in a swani|)y condition from l)efore the time of 
tran.splanting the cro)) into them up to about the time of harve.stj 
and wc make no claim that they a|)])ly to i)addy .soils other than to 
the ty|)o under considmation. Our own exjauiments ))take it only 
too clear that the conditions obtaining in u])land |)addy .soils, in 
.soils whicJi aie under dry conditions during ))art of the growing 
season, and in many .soils (lc[)ending on the rainfall for their moisture, 
aroofa totally different order, at leastduringa imrtion of the ))eriod. 

In order to ])ermit of a better consideration of the subject 
it ha.s been found desirable to divide* this Memoir into two portions. 
Part 1 deals .solely with the ga.ses |)re.sent in the .soil and Part 11 
deals with the gases evolved from the surface* eef the .soil anel their 
relatioiLship to the aeratieui of the roots. 

We weudd.here take the op|)e)rtunity e)f thanking our colleagues 
Cjanpeeted with the Madras Agricultural Department for the 
helpful criticism advanced by them during the progre.ss of the in- 
vestigation, and for the read ijiess with which they have put the 
fruits of their expericnee and spce-ial knowledge at our disposal. 
We would also thank Dr. D. d. Butler for bringing to our Jiotice the 
work of Brizi .in Italy on the aeration of paddy loots, work which 
has enabled us to deal with greater confidence with a difficult subject. 

W. II. II. 

P. A. S. 




December 19.24 


Chemical bERiEs 


VoL. VII, No. 6 


MEMOIRS OF THE 
DEPARTMENT OF AGRICULTURE 
IN INDIA 


STUDIES IN THE CHEMISTRY OF SUGARCANE, II 


SOMK FACTORS THAT DKTKRMINK TIIK RIPI*]NESS 
OF SUtJARCANE 


BY 

H. VTSWANxVTH, F.I.(’ 

Qfffh dovcrumml Affricullunil ('lictnisi, Coimlxiton' 

AND 

S. KASlA'xVTHA AYYAR, B.A 
Assifitant to the (lovi’rmnmt Ajirwullunil C/iemisf, Coimbatore 



AGRICUI/rURAE RESEARCH INSTITUTE, PUSA 


PRINTED AND PU HUSHED FOR 

THE IMPERIAL DEPARTMENT OF AGRICU LTU RE IN INDIA 

BV 

THACKKH, Sl'lNK & CO.. CALCUTTA 
W. TUACKKH & CO, 3, CnKEB Lank, LONDON 



Agents for the Sale of Government Publications 


IN THE UNITED KINGDOM 


Constable Si Co., 10. Orange dtreer, Leicestor 
Square, London. W.C. 

Kegan Paul, Trench Triibner k Co., 68-74. 
Carter L&ne. £,C., and 39, Now Oxford 
Street, London, W.C. 

Barnard Quaritch, 11, GiAfton Street, New 
Bond Street, London, W. 

P, S. KingA; Sons, 2 and 4, Great Smith Street, 
Westminster. London, S.W. 

H. S. King k Co.. 65, Cornhill, E.C., and 
Pall Mall, London, W. 

Grindlay k Co., 54, Parliament Street, 
London. S.W. 

T. Fisher Unwin, Ltd., 1, Adel phi Terrace, 
London, W.C. 


W, Thacker k Co., 2, Creed Lane, London, 
K.C. 

Lu*ac k Co., 46, Gieat KuHsell Street, 
London, W.C, 

Wheldon & Wesley, Ltd., 28, Essex Street, 
London, W.C. 

B. H. Blackwell, 50 and 51, Broad Street, 
Oxford. 

Deighton, Bell k Co., Ltd., Cambridge. 

Oliver k Boyd, Tweeddale Court, Edin- 
burgh. 

K. Ponsouby, I.td., 116, Grafton Street, 
Dublin. 


ON THE CONTINENT 

Ernest Lerot.x, 2S, itue Botiap 4rt6, Paris, I Otto Harrassowitz, Leipzig.' 
MartiniiN Nijholf, 'I’he Hague. Holland. 1 Friedlander arni Sohn, Berlin. 


IN INDIA AND CEYLON 


Thacker, Spink & Co., Calcutta and 
Simla. 

W. Newman k Co., Calcutta. 

It. Cambray k Co , Calcutta. 

S. K, Laliiri k Co., Calcutta. 

B. Banerjee k Co., Calcutta. 

The Indian School Supply Depot, 309, Bow 
Bazar Sti eet, Calcutta, and 226, Nawabpiir, 
Dacca. 

Butterworth k Co. (India), Limited, Calcutta. 
The Weldon Library, 57, Park Street, 
Calcutta. 

Rai M. C. Sircar Bahadur and Sons, 76-1-1, 
Harrison Road, Calcutta. 

Standard Literature Co., Ltd., Calcutta. 
Lai Chand and Sons, Calcutta. 

Association Press, Calcutta. 

Higginbothams, Ltd., Madras. 

V. Kslyanarama Iyer k Co., Madra.s. 

G« At Natesan k Co., Madras, 

8. Murthy k Co., MadruF. 

Tliompson k Co., Madr.as, 

Temple & Co., Madras. 

P. R. Rama Iyer k Oo., Madras. 

Vas A. Co., Madias, 

E. M. Qopalkrishna Kone, Madura. 


Thacker k Co., Ltd., Bombay, 

I). B. Taraporevala, Son k Co., Bombay. 

Radhabai Atmaram Sagoon, Boinbay. 

Sunder Pandiirang, Bombay. 

Gopal Narayan k Co., Bombay. 

Ramcbandia (iovind Son, Kalbadovi, 
Bombay. 

Proprietor, New Kitabkhana, Poona. 

The Standard Bookstall, Karachi. 

Mangaldas Harkisanda-s, Surat. 

Karsandas Narandas k Sons, Surat. 

A. H. Wheeler* Co., Allahabad, Calcutta 
aud Bombay. 

N. B. Mathur, Siiperinteniiunr, Nazir Kanun-i- 
Hind Press, Allahabad. 

Munshi Seeta Ram, Managing Proprietor, 
Indian Array Book DepOt, Juhi, Cawnpore. 

Rama Krishana and Sons, Lahore. 

Rai Sahib I»i. Culab Singh k Sons, Mufid-i- 
Am Press, La..ore. 

Superintendent, American Baptist Mission 
Press, Rangoon. 

Manager the Hitavada,” Nagpur. . 

S. C. Talukdar, Proprietor, Students and 
Company, Cooch Behar. 

A. M. & J, Ferguson, Colombo, Ceylon. 



STUDIES TN THE CHEMISTRY OE 
SUGARCANE, II.* 

SOMK FACTORS TTTAT DKTFRMTKK THK RIPENESS t)F 
SlKJAIiC'ANE. 


BY 


B. VTSWANATH, F.T.C., 

Off(j. Ctorcrmncut Af}ric}illur(d Che^ivist, Coimbatore ; 

AND 

S. KASTNATHA AYYAR, B.A., 

to the Goeernmeat Aijricaltnral Chemist, Coimbatore, 

[l^ocoivcd for publication on 2<)th May, 1924.] 

In r previous ])«i|)or^ subniittcd to the Bonibay session of the Science 
Congress (1919) by one of us, tlie (letennination of the ripeness of suj^arcane 
was one of tlie questions souglit to be investigated. The pajier dealt Mith the 
preliminaries of the problem, and the experiments r(‘eorded tlierein aimed at 
finding out tlu^ intcH'-relatioiis of one internodc* to another of the same ( ane 
with the ultimate object of basing some method of determining therJpem‘SS 
of a cane on such relations. It has been shown that when the cani^ is young 
and consequently immature, the dinereiice in the contents of total solids 
cahmlated as sucrose between a bottom internode and a top internode is 
very great and in favour of the one below, and as the cane becomes older and 
more mature tliis difterence tmids to disappear an<l even gets reversed in favour 
of tlie internode at the top. 

Tlie work carried out subsequent to the year 1919 with a number of 
varieties of canes and in different seasons, besides confirming the observations 

♦ Paper road at the Indian Science Congress, Bangalore, 1924. 

^Agri. Jour. India, XTV, 3. 
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previously recorded, brings prominently to our view certain factors which have 
a bearing nn th(i determination of ri])eness of sugarcane by chemical methods. 
The prescmt paper is a record of these ex])erimeuts and observations, and 
attempts at the improvement of the (existing methods of chemical analysis of 
sugarcane. 

Before presenting the subject ]>ro])er it is essential to examine critically 
the methods that now obtain for determining tln^ ripeness of a cane. The 
usual method is to (hitermine the coefficient of purity of the juice of the cane 
under question, and when this coeflicient reaches a certain value which is 
different for different varieties, the cane is declared to be ripe. In the case, 
however, of manuria! experinieiits or varietal tests with new canes or seedlings 
a more detailed information is sought for by carrying out periodical analysis. 
Whether the test is one involving a single or many })eriodical analyses, the 
coefficient of purity has been the main guiding factor in judging when a cane is 
ripe, that is, fit for harvest either for j(((f(jcry (raw, cnule sugar) or for sugar- 
making. The (ioellicient of j)urity differs with varieties. This is certainly a 
serious disad^'antage, for the imffhod becomes ])ractically useless when the 
analyst is not acquainted with th(‘ variety. )Still again for the same variety 
th(i coefficient is different in different places and soils. In other words, 
conditions of soil, cJimate, manuring, and irrigation affect the value of the 
coefficient to a vt^ry apjireciable (extent. In Tables I-IV will be found 
recorded the variations in tln^ values of the coefficients foiiml in different 
])laces for the sanii* season and variety and for tin; same variety and jfface in 
different seasons. Tliesii figures are also shown graphically in Chart I. These 
coefficients W'ere obtained from the results of analyses of canes analysed at a 
time when, in the opinioii of the agricultural officers in charge of tin; experiment 
stations, they were eojisidered ripe and fit for harvest. It will be found from 
ihe tables that differcuices of 5 to 10 per cent, in the eoeffieieiits between one 
j lace and another are quite eominun. Greater differences also occur though 
not so commonly. Palur figures for wet and dry lauds for 1019-1920 are 
sigiiifieaut. Here the iudiienee of soil conditions alone is exeiiijffified. 
Similar differences itre also noticeable for coefficients for various seasons in tin? 
same place. In Table IV(n) are recorded the variations in purity alongside 
variations in tin*, total solid content. It will bii found that differences much 
smaller than 5 ])tr cent, rorre.sjiond to a consideraLIo increase in the total 
solid content iiud are therefore of no small importance in judging if a cane is 
ripe or not. This, t:iken in e.mijuuction with the large variations detailed in 
Tables I-IV, dearly shows tliat the purity is not always a reliable factor for 
judging the maturity of a eanc ; especially when dealing with a cane the 
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nature or history of which one has no knowle<lf;o. For instance, if a cane 
like B -208 which is reput(!(l to give a juice of about 95 per cent, purity at the 
usual ripening season gives only a purity of about 80 to 85 per cent., it would 


UllAUT I. 

Variations in Coefficient of Puritjf 
Season 1918 - 1919 . Season 1919 - i 9 ZO. 



KEY. 

1\ J). = J*;i)ur dry land. 

P, W. = I*alur w(*t land. 

A. K. l\ = Anakapalle. 

IS. L. O. = Siin.dcot, 

G. U. ]). = ( Judiyattam 

be difficult to say wliotlier tlu* (Top is riju* or not. Tli(‘ crop may not have 
come to tlic tipeming state' altliouirli it is al)out 11 or 12 months old, or the 
capacity of the crop is only tliat much ; which of them is tlu' corn'ct estimate 
we are not able to say from the data bcfori' us. 

Migake Ishida* of the sugar experinu'iit station, Formosa, has put forward 
another method of determining the ripeness of sugarcane. The following is the 

^ Bull, Govt, S'ligar, Expt. St., Formosa, Japan, No. 1, pp. (5-7, 
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method as described by tlie writer liimsclf. He says, In tlie study of the 
maturity of tlie su^arcaiu^ tlie writer has proposed a new criterion which has 
been called the maturity coemcient. It consists in finding tlie ratio of reducing 
sugar to sucrose .... In experiments whicli liave been ])iirsued for several 
years upon many varu'ties of sugarcane it lias been ascertained the jieriod in 
which any variety of sugarcane maki's a great change of its maturity 
coefficient, this [leriod occurs at almost the sanui si^ason every year and shows 
al)out tlie same value of coefficient, if the sugarcane, of course, is planted in 
the same season and otlnu' tiM^atments are the same. 

The results obtained by this author witli a variety of cane known as 
Rose Bamboo are I'xtracted in Table V for reference. J idler details are not 
availabh*, but from these two sets of figures, no doubt ])ut forward by him as 
typical ones, it will be found that tin*, new ratio is quite as unreliable as the 
old one. Like the coefficient of purity, the maturity coefficient also varies 
considerably. For instance, for the same variety of c'ane the maturity co- 
efficient varied between and 79'fi between the years 1012-13 and 

1013-11. Again in till' figures for 1013-11 theri^are two ])eriods marked by the 
large increase in maturity coefficient referred to. During the fortnight 
betwemi 2fith December and 0th January the coefficient risers from 15'4 to 
71*8 ; but during the two fortnights that follow Otli January it falls again 
almost to the original figure of 2Gth December to rise again on Gth Jlarch to 
70*0. Besides the ratio is admitte<lly dependent for its value and jieriod 
on temperature, soil conditions and methods of treatment. In the absence 
of additional information we cannot say anything definiti* about the method 
but, so far as available evidence goes, th(‘ method has nothing to recommend 
it in preference to the older one. 

It is thus seen that the coefficient of purity or maturity are variable 
factors and therefore not always reliable, for detiu'inining wlnddier a cajie is 
mature. It is natural that it should be so depending as it does on the sucrose 
content on the one hand and the other soluble substances of cane-juice on the 
other. In its place we have to search for a factor which can bti more indepen- 
dent of the intcrjial ( hanges and adjustments of tlie cane. It is this considera- 
tion that [)roinptt‘d us to plar(; more faith on the total solid content of the 
juice than on its sucrose or glucose contents, or any inter-relations between 
them. In the paper nd’erred to in the beginning, it has been shown that, as the 
cane grows, therv^ i: a gtuieral levelling about the middle of the curves indica- 
ting either the possibility of the sugar moving ujiwards or its being used up 
in the formation of cane tissue. This fact presented in a slightly different 
light leads on tv) the conclusion we have arrived at, regarding the maturity of 
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a cane. In Table VI arc given tlie results of examination of a few select 
internodes of a cane subs by side with the increase of sugars in each internode 
between any two intervals. These increases are ])lotted against intervals 
for each (jane in Chart 11. It should be noted that these are tlu! residts of 
periodical examination of sijigle canes while standing in the field according 
to the method detailed in the paper by oiu; of us already referred to. It 
will be found that, during the early stages, the curves for the top internodes 


(;IIAUT 11. 



Sho\viii«r riitc of iiicn'.i.so i>f fot.-il .solids in t'u’Ii intcinoile duniiif infcrv.il.s 
of a iiKintli. 

llomaii fijiiuro.s indicafr t!u‘ iniinbtT of thr iiitcTiiodr from th(‘ l)o(l"m. 
Ordinates = per enit. inerease in lot.d solid"-. 

Abscissae = intervals. 


stand always above those of the liottoin oiu^s. lii otlier words, ns the cane 
matures, whatever mi.u;lit be tlie. fate of the siijjjars, whether they niov(‘ upwards 
to fill u|) younger inteniodes or are used uj) in tlie building up ol eaue tissue, the 
general tcndeiiey is to equalize all <iinerene(*s in total-solid-eontents 
between the various iuteruodes up to the highest dead leaf joint. (Vinversidy, 
when the total-solid-eontents of the bottom and top inteniodes are equal or 
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nearly equal, i.e., when their ratio is unity or nearly unity, the cane may be 
declared to be ripe. 

With the object of further coidirniing our hypothesis, about the latter 
half of April 1921, a dozen canes were marked out with botanical descriptions. 
Some of them were labelled as early or mature, some as intermediate, or 
maturing, while others were described as late or decidedly immature canes as 
judged by the eye. Kach of these was examined, internode after internode, 

CHART 111. 



for their total-solid-eontent by the refractometer. It was afterwards crushed 
and the coelficient of purity of the juice was determined. The results obtained 
by the refractometric analysis of these canes are yil down in Table VII and 
plotted in Chart III. All the canes decidedly indicate, by the nature of th(’ 
curves, immaturity to a greater or less extent. It will be seen from Table VIII 
that generally the ratio rises as the cane matures. But in no case is the ratio 
near unity . The reason for this is that owing to the late day in the season when 
the work was taken uj), the canes had to be selected from a field which was 
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under harvest. In almost all the cases, the canes had to be cut from clum[>s 
carrying not more than 4 (‘anes which were left as [)robably too young for 
crushing. It was, therefore, possible that all the caries were yet immature 
and constituted in each case a series of lat(i shoots dilTeriiig in age and maturity 
among themselves. It will also be seen that the coefficient of juirity of the 
canes also generally varies as the top/bottom ratio, but no relationship 

seems to exist. 

A comparison of the coelHcients of purity obtainoel by us tor (*ach cane on 
the one hand with those cut h)r harvest from the same^ field in the same season 
am])ly sujrports the contention that the canes were all immature. In the 
same table are given both the sets of figures for the eoelheients. It will be 
found that the coefficient of purity of the canes examined by us is always 
less than the (;orres[)onding bulk-harvest coefficients. There is lluTtdore 
little reason to doubt their immaturity. 

With a view to (dirninate errors arising out ot judging by tin* eye the 
stage of ripeness of tin* canes, ex])eriments were arranged on an elaborate 
scale by the kind courtesy of the (.Jov<*rn!nent Sugarcane Expert. Four plots 
were reserved for this work exclusively at the cane-br(‘eding Station and 
placed under our control and observation from the })eginning of th(‘ season- 
As the shoots appeared they w(‘re labellecl month after month as 1st, 2nd, llrd 
and 4th shoots respectively according to their ag(‘. It was thought sufficient 
if each cani» was marked as soon as cane formation set in above* tlie ground 
level. The first shoots were labelled in July 1921, tlu* second a month 
later in August, the third in September or Octol)er and the fourth in 
November. 

Generally, according to our ol)servations, the shooting is v(‘ry liberal 
in the first month and this gradually decreas<‘s with tlu^ advance of tinn*. 
Analysis of the canes thus inark(‘d was begun about the last week ol Decem- 
ber and were carried out at intervals of a month. The results ])r(‘S(mted in 
Table IX and Chart IV fully b(ar out the conclusions arriv(‘(l at in 1919. 
As the canes become older and therefon* more ripe, the curves also tend to 
become flatter and flatter. 

In Table X will be fouiul worked out the top/ bottom ratios for tin* various 
canes tigainst their age. In all tliese eases the age of the eaiie is definitely 
known and therefore the relative stages of matuiity can lx* easily fixed. It 
will be found that there* is a elose r(*lationship between the ratios and the stages 
of maturity. The former are cliaraett*rized by their nearness to unity wlnui 
the cane is mature with eorresponding decreases at the younger stages. But 
what is more important than this confirmation of our results of the former 
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paper (1919) is the incidental proof that the ratio is independent of climatic 
and other ccinditions. 

('MART JV. 


KtTARI 



Showiiiji; of cutvc.s of lubollcd c;aii<\s of dilTercnt iijiic. 


Ita|)p(‘ars as tliougli the eftVct of dilfereiiefs in climatic and soil condi- 
tiojis, while being widely dilTereiit in the case of ditfcrent cams, seems to be 
almost the same on the various parts of one and the same normal healthy 
cane, so far as the total-solid-contents are concerned. The work carried out 
in four dilTerent seasons shows a remarkable consistency in the general nature 
of the curves, considering the fact that we are dealing here with a living 
organism. 

It is thus seen that from the nature of tlie curve formed by plotting the 
refractive indices of the juice of the internodcs of any cane it is possible 
to judge of the stage of ripeness of that particular cane. As an alternativ 
rough and ready meth()d the ratio of the total-solid-contents of the juices o. 
the bottom int(‘rnodes and that of the internode carrying the highest dead 
leaf joint may also be used as a criterion in determining the ripeness of a cane. 
The latter method, however, cannot always be e"’j ted to give reliable 
rc'sults for th(‘. reason that th*^ joint carrying the*, highest dead leaf attains to 
its maximum total-solid-iontcmt only some time after its leaf is cast or ceases 
to function. That this is the esse has been shown in the 11)19 j)aper already 
referred to. In a certain set of jdiysiological experiments conducted for a 
dilfereut purpose we have noticed that it generally takes about three weeks 
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for a young internode to set its lioust*. in order and attain its optimum total- 
solid-content. If, therefore, tlie fixing of top by bottom ratio occurs before 
the internode is full, tlie. ratio as determined from the. highest dead leaf joint 
will naturally be low indicating immaturity, wldle in fact the cane is mature. 
The one striking feature of the curves of ri])e canes is their relative flatness 
as distinguished from the dtdinite.ly stec*]) curves of the younger ones. This 
emboldened us to presume that gemu-ally if a cane is dividi'd into two halves 
and crushed, the juices thus obtain<‘(l contain ])ractically tlu^ sanu^ amount 
of total solids in the. ('ast* of a ri])e cane, fl'o ])nt it in the language of the 
ratios, the ratio of the brix of the top juice to that of the bottom juice will be 
nearly unity ; and in the case of an uniipe cane the ratio will be much h‘ss 
than unity. This method of tirriving at ‘‘ ratios minimizes to a very great 
extent the uncertainties attendant on the fixing of ratios with single to]) and 
bottom internodes. 

The next step in the course of the investigation is to see if this method 
could ])ossibly applied on tin* field scale. In Table XI are to be* found the 
ratios thus ol)tain(‘d for four seasons at Palur. In all cases the analyses were 
conducted at a time when tlie agricultural olHcers in charg»‘ of tlie ex])eriment 
station judged the. croj) to lx* tipi* for harvest. Kxc<‘j)t in two cases the ratios 
are all on that side of O'il nearer to unity. It should be noted that these 
valu(‘s wa‘r(‘ obtaiiuMl not for canes cut up to the high(‘st dead leaf joint, 
but for those cut in the way in wdiich an ordinary ryot does U)t jmigvry making 
i.e., a few inter nod(‘s above the highest dead leaf joint. 

Experinnuits were started during the last season this time also at the 
Sugarcane I^ri'cding Station «ind by the kind piTinission ol the (fovcrnmcuit 
Sugarcane hhxpcrt. Tlu* gmieral scheme was to label sidhcimit number of canes 
early after planting a-nd to analyse some of them periodically for the top 
and the bottom juiei's. This woidd enable us to compare the age of the 
cane with tlie ratios of top and bottom juices ol canes of varying age. A few* 
rows of Ketari, Saretha, lb flieribon and blanjav v.<*r(‘ labelled lor the first, 
second, third, and fourth shoots, etc. An interval of about a month and 
sometiuK'S more was allowed between any two labellings. 'Ibis w'ould give us 
canes of varying age. Analysis w as begun during the latter lialf of August and 
continued at intervals of a fortnight until the canes w ere dead ripe. Ihe 
results an*, presemted in d^ible XJI. It will be lound that as the cane ad\aiices 
in age, the ratio rises towards unity. Hut what is more to tin* point is that 
with such a rise in the ratio there is an increas(‘ in the jicrcentagi; of tot.il 
solids ; Ketaii for wdiich it was ])ossible to get a comjihde set of results, fully 
supports the assum])tion. It is a native of Bihar, a vigorous growing variety, 
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which neither ri|)(^n.s early nor late. The ratio of the top and bottom juices 
rises towards unity from period to period of analysis and from one order of the 
shoot to an older one. This rise is further attended with definite increase 
in brix and sucrose' cojitent. Manjav shows a similar behaviour although it 
belongs to the class of thick or exotic cam's. Black Cheribon, another thick 
variety, is sliglitly abnormal in its behaviour ; it was not in healthy condition 
and did not come off w(‘ll in our experimental plot at the cane-breeding 
station. 

Further (^xpt'riments are in progress to test the application of this 
method to larger areas. A few trials of bulk analysis conducted on the 
abovt' lines at Sarnalkot and Anakapalle are v(Ty encouraging. These and 
such others will form the subject of a separate communication. 


Summary. 


1. Work doiKMluring eight seasons show that, in general, as a cane 
ripens, the various int(‘riio(l(*s show a levc'lling tendency in the matter of their 
total-solid-contents. 

2. The purity alone is not always a reliabh* criterion for judging the 
maturity of a cane cro|j. 

3. In testing tlie stage of maturity of a cant', the ratio of to}) brix to 
bottom brix is quite handy and accuratt^ 

We are indebted to Rao Hahib T. S. Venkatraman, Government Hugar- 
oane Expert, and his assistants for the facilitit^s afforded us in this investiga- 
tion, particularly to Mr. Thomas who helpetl us a good deal in the preparation 
of labels, etc., and to Mr. Edmunds, Deputy Director of Agriculture, for allow- 
ing field scale tests on his crops at Samalkot and Anakapalle in 1922. 


Note. JiJincc Hubinittin^j; this paucr tor imblicutioii wo have had aocosH, about the muhllc 
of Juno t(; a now bock by 11. A. Quintus, entitlod “ Tho Cultivation of ►Sugaroano in Java,” 
and through it tho w<»rk of Dr. 1*. h. J..ohr piiblishod in Archief I'TiO. 

Thoro a tIos(‘ ri'scndilaiKa* l)ttwoon Hie losults <d)tained by Dr. J.ohr and thoso obtained 
by U.S, and ho eomos to thi- same conolu.sion as luirs in rofrard to tho tostin«» of the ii|)enos.s of 
sugarcane. * 

In diHciKssnij. the dciorininalhui of maturity of .sugMroano, Quintus says; “Dr. P. L. 
I ir i.r„vo.l ll.„t tlio tii,..irtiU- analysis is sufliciont and in I'ascs givos ninro n-liablc data 

JT .1 ^ ‘ ' "'1 «1>1KT parts ap,m,„ch 

Ls ,"l! ,T‘ '' "‘.'“i r aj.i,r.,ach rach other tho gLtost 

possiDk 4u,intn> ui .ivad.ibic siig..r is tliuii jircsent IB. V. N and S K J 



Varying cnefficxp-yyts of purity in diffvrnxf soils uud localitii 
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Table II. 


F™ coeJIUiaU, „f pun,,, » <fe ««»■ <»»'•>/ 

secisons. 


i 

Nanio of variety 

1917 -IS 

191S-19 

1019 20 : 

1920-21 

1921-22 

Jniits fcetAvcen 
which the 
values vary 


■ - - ---- 

- "" T 

1 

. ■ 



Chinia 

9s:{ 

89(>7 

(»S-70 1 



08-70— 98-:50 

(Jhin . . 

SS-f) 

1 

sp5r> 

si-(^o ; 



81-00- -88-50 

]iar()ukji 

9:v:> 

79(10 

07-70 i 



(i7-70-9:5r,(i 

Kliaria 

92-0 

7(V90 

70-SO 



70-80-92-50 

Pansahi 

91*4 

74-20 

80-00 



74-20— 91-40 

Sarct hn 

1 

i 99-2 

8i-s:i 

1 

80-70 



80-70—99-20 

MunJ^o 

S2-() 

sr)-:io 

70-SO 



70-80— 85-30 

B :U12 


90-10 

75 - 0:5 

87-8 

88-20 

75-0:5- 87-80 

j 3r, 

•• 

oi-r^o 

84-90 

90-7 

82-40 

82-40 91-30 

.Java Hel)bal 

1 

94-20 

89-10 

9 : 5-0 

80-:50 

80-30 - 94-20 

('(). 1 

! 

i 

S8-40 

I 80-10 

1 

82-8 

87-00 

82-80 88-10 
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Table III. 

Varying coefficients of purity in the same locality for different 

seasons. 











Limits 

Name of 
variety 

19I(M7 

1917 

18 

1918- 

19 

1919- 

20 

1920 21 

between 
whieh the 










values vary 

B 208 










Bot. . . 

95-1 . 

i 9i3'l 

93-04 1 

4)0-21 

78-93 1 

74-18 

92-37 

88-91 

90-2 

71-18 - 95-10 

Top . . 

951 ) 

S7-3K) 


99-42 I 


84-85 




Fiji B 










Bot. .. 

93 2 i 
[oi-o 

94-53 ] 

92-01 

79-89 j 

V 72-19 

91-34 

89-19 

99-3 

72-19-99-30 

Top . . 

90*0 1 

80-49 J 


97-51 ) 


H7-59 




B 3412 










Bot. .. 

91*8 . 

89-51 1 


03-29 


83-21 





> 90-5 


r85-72 


90-28 


1 77-14 

85-90 

00-28—90-50 

'J’op . . 

89-2 t 

81 -92] 


57-29 1 


71-09 




J 247 










Bot. .. 

90-3 1 

89-15 


95-59 


83-40 

1 




\ 9()-5 


y 88-48 


.58-38 


\ 79-80 

91-7 

58-38-91*70 

Top .. 

90-0 ) 

87-81 ^ 

1 

51 -ir. J 


79-20 \ 



B 1529 










Bot. .. 

9(i-,3 1 

V 99*5 
90-7 1 

99-31 

U4-O4 

78-42 ^ 

77-44 

91-88 

1 

!^91-72 

99-50 

77-14—99-50 

I'op . . 

91-77 \ 

79-49 J 


91-59 




B (UoO 










Bot. . . 

91-3 1 

92-88 


98-92 


84-24 

1 




9()-9 


[91-44 


58-47 


} 79-95 

90-5 

58-47—91-44 

Top . . 

90-9 i 

90-00 


48-02 ) 

75-99 




Poovan 










Bot. . . 

94 -S 1 

83-88 

1 

57*85 


79-59 

1 




194-7 


1 80-10 


5 51-93 


' 78 -.55 

90-4 

51-9.3—94*70 

Top . . 

94-9 1 

79-32 

1 

49*00 


77-54 

1 



Vellai 










Bot. . . 

91-0 ) 

94*12 

/ 

92*09 


87-22 

/ 


55-74—92*74 


[91 *8 

} 92*74 


L 55-74 


1 85-34 

90-5 

Top . . 

92-0 ) j 

1 

91*35 


49*42 


83-46 
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Table IV. 

Varying coefficients of purity in (he same locality (Taliparamha) for 

different seasons. 


Namo of variety 

191(3-17 

1917-18 

B (5450 

7()T 

90-4 

B 3412 

82*4 

900 

Pansahi 

79-9 

88*4 

BarotikM 

5r»-2 

74 0 

Saretha 

85*0 

81-8 

Kari . . 

78-7 

84-8 

(-hinia 

(3«*8 

4f>l 


Table lY(a), 

Variations of the purity coefficient with variations in the corresponding 

hrix value. 


I 


Date of nnalysis 

Kuist 

HHO<vrs 

»Sk(.h»ni> 

SHOOTS 

Till 111) 

SHOOTS 

Fifth 

SHOOTS 

Bi’i X 

Purity 

Brix 

Purity 

Brix 

Purity 

Brix 

Purity 

21--VTTI— 1923 .. 

17r»7 

84 -8() 

17-07 

85-24 

1(3-27 

82-42 

15-1(5 

79 (58 

10 IX 1923 .. 

18-92 

87-52 

18-28 

87-52 

18-32 

85 -9() 

17-51 

84-78 

24--IX— 1923 .. 

19-0') 

88-14 

18-70 

88-78 

18-44 

88-08 

18-19 

8(5 -7(5 

12- X 1923 

19-40 

89-40 

19-35 

89-00 

19-25 

88-50 

18-14 

89-40 

Hiso during interval 

1-83 

1-54 

2-28 

3-7(3 

2-98 

(5-08 

2-98 

9-72 

lliHo of purity for 

1 degnw brix 


2-50 


1-G5 


2-00 


3-20 


Table V. 

Showing the periodical rise in maturity coefficient {Extracted from the 
For^nosa Agricultural Exp. Station Bull. No, 1 ). 




1912-13 


1913-14 

Date 

Sucrose 

Heducing 

Maturity 

Sucrose* 

lloducing 

Maturity 



sugars 

cocllieient 


sugars 

cucflicient 

November 1 

5-44 

1 303 

4-20 

10-70 

1 -587 

(3-7 

15 

9-35 

1071 

8-70 

9-50 

1-623 

5-9 

29 . .. 

8-12 

0-832 

9-80 

10-77 

J-072 

10-0 

December 2(3 

13-38 

i 0(387 

19-50 1 

1 12-40 

0-804 

15-4 

January 9 

1358 

! 0-198 

70-10 1 

1 13-49 

0-188 

71-8 

February 20 

13-04 

0-163 

80-00 

14-51 

0-772 

18-8 

March (» 

13-10 

0-051 

256-79 

13-91 

0-174 

79-9 
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Tarlh VI 11. 

ni/iosofcanrs umilipnl in l!)2l with l/wir i>iirilir.s (uul the jinrilics obtained 
by bidk-cnishiny oj the oaruty in the stum’ srasitn, j)l((C(' (tad plot. 



l']AlihY 

1 NTKK. 

Latio 


Name of Variety 

Tn,, 

( 'ocnicM'iit 
of |mnl V 

3 op 3 '(M'llicietil 

'I'op 

( 'oellii i(‘iit 

C'oellieieiit 
of [uiri ty * 
(st am lard) 


Bottom 

Boltoin ol |nint\ 

Bot (olll 

i‘l purity 


H ;1412 

0-85 

85 ‘7 1 

.. ■ 



81-0 

1) 1135 

0-71 

85-15 

U-73 85 10 

0-70 

80-10 

Oil) 

11 100 

0*70 

82-00 


0-82 

80 00 

88-7 

13 1528 

0-7U 

1 

1 8()-00 1 

i 

0-05 1 S3 00 

0-57 

liOlO 

‘K)-0 

SariMclii . . i 

j 

0\SU 

83-73 

1 

0<i2 j 7 033 

1 OtiO 

\ (rot 

70-00 


1) 74 . . 

0(i8 1 

i 

i 

1 

j OMiO 
i 0-51 i 

81-51 

70-07 

85 -7 


* 'Tin* figlll’CS iiiidlM' t Ills (mIumMI :it<' till- JUliilics n| till' jiliers ul COlIi'SIlninllii;. \ ,1 ii(‘tj(‘S 
flit irinii tin* saiiif licld in tlif saiiu* yc-irfor li:irv«‘si. 


Tabu.] TX. 

SI/ofV(Hy tohfl solid rout (‘Ills [citicidoh'd as sarmsr), as dihainhad by 
the l\(’fracfoaii’f(')\ of the eanoa'< mteraodes of (‘(no s hdu llcd tuid 
analysed darimj 1021-1022. 

Siivctlm. 



Order of 
shoot 

I.’irsl 

Second 

'riiird 


i'’ourth 

N(i. ot 

Labelled 

.Irov 

Auot ST 

()(’Tni;i:L 


NnVJ'iM BiiJi 

inteniode 

on — 

1021 


1021 


1921 


1921 

from the 
base 



















Analvsed 

lO-Xir. 

20-1- 

25 -XI I 

27-1- 

28-11 

O-lil- 

28-11- 

O-ni-1922 


on - 

1021 

1022 

1921 

1022 

1922 

1922 

li)2:! 

1 


15-08 

18-15 

13-49 

18-45 

15-47 


10-41 

17-03 

2 

* 

14-78 

17-10 

13-49 

17-00 

1 1-57 

2(>-30 i 

0-20 ! 

17-03 

3 


15-53 

17-05 

13-49 

17-10 

14-72 

18-00 

8-01 

1 0-38 1 Bore r 

4 


15-23 

17-05 

14-01 

10-00 

14-87 

18-00 

8-01 i 

10-38 i attack. 

5 


15-13 

17*40 


17-10 



8-29 i 

i 17-03 

0 


15-23 

17-85 

14-44 

10-90 

14-91 

15-32 

8-20 i 


7 


15-13 





15-10 

7-04 j 

1 



2 
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STUDIES IN THE CHEMISTRY OF SUGARCANE, II 


Tahle IX — could. 



Oidor of 
shoot 

First 

S(‘C01ul 


Third 


Fourth 

No. of 

ilijr TModr 
fi-oni ilic 

on 

July 

1021 

August 

1021 

OOTOBEii’ 

1021 

NoVEMBiIB 

1021 

b.-jsc 







1 










Analyse 1 
on 

lO-xii- 

1021 

2(il- 

l')2_> 

23 XII- 
1021 

27 I 
1022 

•28 IT 
1022 

O-iii 

1022 

28-11- 

1022 

0-111-1022 

S 




13-30 


10-70 


0 01 


0 



17-30 

13-10 

10-73 


13-10 



10 




15-70 



' 


11 


1 1-78 


14-00 


10 14 

10-23 


12 



17-10 

U-30 

i-:-85 


10-48 



13 


14-88 





13-88 



14 






10-74 

10-23 


IT) 



is-tio 


17-83 




Ki 


14-8^ 



18 43 

10-70 



17 


13-10 



10-10 




18 


13-30 

17-70 


10-30 

13-21 

1 . . 


10 


13-20 



18-43 

13-OJ 




20 


13-70 



18-00 

13-11 




21 


1 1-00 

18 43 


18-33 

14-31 




oo 

23 





17-30 





2 1 



is-io 







20 










20 










27 



1 0-30 







28 



IS -00 







20 



18-43 







30 



18-30 







31 



10-07 







32 



10-30 
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Tahlio IX.- contd. 


Dluiur SarvtliJi. 




Kirsl 

dinut 



iSc'cond sln)Ot 



L:ih(41o(l - 








No. of 

on ’ 

Jo 







iiitcMUodo 


A' 



Arni-sT 


from tlio 

1 

10: 

il 



1 02 

1 


b.iso 

1 



i 






Aiwilysfd 20 \ii 

2S-1 

1-11- 

5 111 ' 

25 \ii- 

2S-I- 

OO 1' 

5 Ml- 


on 1021 

1022 

1022 

1022 

1021 j 

1022 

1022 

1 022 

1 

201(> 

21 OS 

21-70 1 

22-0 1 

lo-io 

2 2 -.00 

10-10 

2172 

L> 

17-7.S 

21 -7:} 

21 -SO 

22-00 

11-51 

1 

21-05 

15-0.0 

21-77 


20-01 


2 ISO ! 

22-00 

14 SI 

22-10 

15 -.00 

21*52 

4 

i 2o l»:i 

21SS 

21-15 

21 01 

1 ISO 

22-10 

15-05 

21 *52 

T) 

2o-2:i 

21 -OS 

21-15 


1171 

22 -.00 

14-00 

20*02 

() 

i 

1 ■■ 

21-70 


‘’2*2 1 

14-00 

22 -.00 


20-02 

7 

i .. i io-o:i 


21-15 : 




lS-45 

22*12 

s 

; __ 1 

22-05 


22-0 1 


21-10 

IS -SO 

22*12 

\) 

2o-5:> 


21-05 : 


15-50 i 

1 


10-05 


10 

I 20-:i:i 

20*15 


20*0.0 

1 

21*05 

1 10*00 


11 



22-05 

i 

1 

j i5-:{0 

1 

j 1 7 *S5 

j 


12 

21 -os 

20-2(1 


22-OS 


21-05 

! 

1 • ■ 

111 

2 rs:i 

22-05 

22-0.0 

22 OS 

, 


i 

1 

1 

14 

j .. io-:ri 

20-20 


I 22-00 

1 1-70 


i 

1 

15 


20- 10 

21-15 

j 

i •• 

10 IS 

! 

1 

j 

1 

i ■■ 

l(i 


20 .05 

21 !)5 


17 -OS 

1 

1 

■■ 

I 

17 



22-05 


17 -.OS 

1 

j 


1 

IS 

i 


22-05 


10-20 


i 
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Table X, 


Rutio of 


Total solids of the top { aternode 
Total solids of the hot. intA^mode 


of canes with their age. 


Name of variety 

8 montha 
old 

9 months 

old 

10 moiitliH 

old 

11 months 
old 

12 months 
old 

Sarotha 

007 

r08 

0-94 

0-93 





0-94 

106 



Dhaur Saretha 


100 

0-95 

102 

i*oi 




1*00 

102 

.... 




111 

109 


Kctari 


0-74 

0-99 





0*79 

0-98 





0-77 

0*98 





o-os 






0*81 






0*82 

1 .... 





0-87 

1 




Tablk XI. 


Hatio of 


/hi.): of Juice of Top half >. 

. - , ./ - r r rt 

Jhu' oj Juice of tfiit. /id If •' 


e.ru mined. 


Name of variety 

1016-17 

1917-18 

— 

1919-20 

1921-22 

Fiji n 

0-99 

0-93 

0-99 

0*87 

B 208 

0-97 

0-94 

0-94 

0*97 

B 1529 

0*97 

0-89 

0-93 

0*92 

B 147 

0-97 


0-90 

0*86 

Vcllai 

1-00 

0*98 

0-93 

0-94 

n 6450 

OMl.") 

0-91 

0-98 1 

0*92 

H 3412 

0*97 

0*89 

0-96 

0*95 

J 247 

0-98 

(>93 

0-89 

0-89 

Green Sports 

1*00 

0*94 

0-94 


Poovan . . . . - I 

0-9.) 

1*09 

1()3 

.... 

Red Mauritius 

0*95 

0*94 

0*94 


Striped Mauritius 

1*03 

0*97 

103 

0*94 

Ashy Mauritius 

Fiji C 

0*98 

0*96 

0*99 

0*84 

0-96 

0-94 

0*92 

1 •••• 
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Table XII. 


Showing rise of thf. ratio of towards unUy with advancing age along 

with the hrix, sucrose ami purity of the juices 
analysed. 



Analysed 

( )i (ler of 




Bkix 

Ratio 

Nanu' of 

Brix , 

Sucrose ‘ 

Furity 




vn rioty 

on — 

shoot 



but. 

45)]) 

45 )p 
Bot. 

Kotai'i 

21 -viii--19:>3^ 

First 

17*07 

1 IS! , 

8 1*80 

18*02 

10*50 

0*89 


JSeeond 

17*07 ; 

14*55 

85*21 

18*72 

15*20 

0*81 



Tliinl 

1()*27 ' 

13*41 

82*42 

18*01 

14*70 

0*81 



Fifth 

1510 1 

12*07 

79*08 

17*11 

13*19 

0*79 


l()-i\ 1923 

First 

18*92 ' 

10*50 

87*52 

19*52 

18*40 

0*9V) 


Second 

18*28 

15*91 

87*52 

19*22 

17*11 

0*91 



'Ihird 

Fourth 

18*32 

15*75 : 

85*90 

18*02 

17*74 

0*95 

0*87 



Fifth 

17*51 ; 

14*81 1 

84*98 

18*77 

10*27 


24 ix-1923 

h'irst 

19*05 ' 

10*79 ' 

88*14 

19*52 

18*11 

0*94 


Second 

18*70 

10*00 i 

88*78 

19*52 

17*81 

0*91 



Third 

IS 14 

10*21 

88*08 

19*12 

17*40 

0*91 



Kourtli 

Fifth 

is-io 

1 

15*78 

80*70 

1 8*92 

17*00 

0*90 


12 x 1923 

h'irst 

IJl-IO : 

17*28 

89*00 

l!)-37 

19*17 

0*99 



S(‘Cond 

19*35 ! 

17*22 

88*98 

19*18 

19*12 

0*98 



3’hird 

19*25 i 

17*12 

88*93 

1‘llS 

18*72 

0*90 



Kourth 

18*78 ! 

I()*78 

89*35 

18*00 

17*70 

0*95 



Tifth 

18*11 1 

10*22 

89*41 

18*57 

17*10 

0*94 


3 M 1923 

h'irst 

19*32 

17*33 

88*00 

19*32 

19*12 

1*01 


Second 

18*32 ! 

10*30 

8t)*30 

18*22 

18*22 

1*00 

Manjiiv 

22 VIII -19211 

rirst 

18*15 * 

10*45 

89*10 

19*52 

17*30 

0*89 


S(*eond 

15*74 

13*29 

81*43 

18*32 

13*39 

0*72 



Fifth 

14*12 

11*09 

78* >4 

17*10 

1 1 *08 

0*05 


II IX 1923 

First 

IS 11 

10*37 

88*78 

19*83 

10*93 

0*85 


Seeimd 

10*81 

14*00 

8()*70 

19*03 

14*57 

0*77 



Third 

18*31 

10*08 

87*20 

18*98 

17*87 

0*94 



Fifth 

15*54 

12*77 

82*19 

18*18 

13*30 

0*73 


21 IX 1923 

First 

1S()7 

10*87 

90*30 

19*31 

18*11 

0*91 



I’liird 

18*30 

10*41 

89*07 

19*31 

17*20 

0*89 

B-riionbon . 

22 -MIT 1923 

First 

17*31 

15*19 

87*80 

19*12 

15*50 

0*81 


Second 

17*01 

14 87 

87*4! 

19*02 

14*10 

0*72 



Third 

15*34 

13*24 

80*30 

^5 00 

15*00 

0*90 



F lurth 

17*51 

15*09 

89*(>0 

19*0/ 

15*90 

0*83 


1 

Fifth 

1()*84 

11*79 

87*80 

18*41 

15*20 

0*83 


11 IX 1923 

First 

17*87 

15*82 

88*55 

1 8*59 

10*98 

0*91 



Second 

17*81 

15*0! 

87*00 

19*19 

10*22 

0*85 



Fifth 

17*97 

15*70^ 

87*70 

19*07 

10*02 

0*87 
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R. 1-4 or 2s. 
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No. 
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V. 
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No. 
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No. 
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A Note on Hydrocyanic Acid in the Burma Bean {Phaseohn lunatus, ap.), by 
F. J. Wartii, m.sc., b.sc. Price, As. 12 or la. 

Studies of an Acid Soil in Assam, 11, by A. A. Meooitt, n.sc. Price, As. 12 or la. 
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Soils, by Roland V. Norris, d.sc., f.t.c., B. Viswanath and C. V. Ramaswami 
Ayyar, L.Ag. Price, As. 12 or la. 

Some Digestibility Trials on Indian Feeding Stuffs, by P. E. Lander, m.a., d.sc.. 

A. I.C., and Pandit Lal Ciiand Drarmani, i..Ag. I^ice, As. 12 or la. 

The Buffer Action of Some Burma Soils, by J. Craklton, m.sc. {In the press.) 

Studies in the Chemistry of Sugarcane, 11. Some Factors that determine tht> 
ripeness of Sugarcane, by B. Viswanatii, f.i.c., and S. Kashinatha Ayyab, 

B. A. price. As. 8 or 0^/. 

The Phosphatic Nodules of Trichinopoly and the availability of Flour Phosphate 
as a Manure for Paddy, by Rao Sahib M. R. Ramaswami SivaN; b.a.. Dip, 
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E. Ballard, b.a., f.e.s. Price, As. 12 or la. 

Studies in Indian Dermaptcra, by Morgan Hebaud. Price, R. 1-1 or la. 9ii. 
Further Notes on Pemjihrrcs alJiniSf Fst. (I'he Cotton Stem Weevil), by 
E. Ballard, b.a., p.b.s. Price, R. 1 or la. 4d. 

An Account of Experiments o»i the Control of Siga (Schenohi us) inccrlellus in the 
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Papers on Indian Tabanidic, by P. V. Isaac, b.a, d.i.c., m.sc., f.e.s.; Two 
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No. 

IV. 
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HI, 

No. 
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Studies in Rinderpest, by W. A. Pool, m.r.o.v.s. ; and T. M, Doyle, p.e.c.v.s. 
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Etiology of Equine Contagious Abortion in India, by T. M. Doyle, f.b.c.v.6. 
Price, As. 8 or 9d. 
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Price. R. 1. 

No. 140. The Determination of Prussic Acid in Burma Beans {Phaseolus luncUus), Preliminary Note, by 
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No. 143. UoT (Zizyphvs jujuhn) Fruit and its Fly Pest, by J. L. Kiiark, f.e.s. Price, As. 0. 

No. 114. Observations on the Morphology and Life-cycle of Filaria recondita Grassi, by M. Anan^- 
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THE QUALITY AND YIELD OF TOBACCO AS INFLUENCED 
BY MANUBIAL AND OTHER OPERATIONS. 


BV 

J. N. MUKKRJI, B.A., B.Sil, 

First Afisistani to the Imperial Agri(ullural Cluwisf, 
A(jri(uliural Rescan h Institute, I'nsa. 


(lU'coivcd fur ])ubli(!ati()a on Sib April 102.1.) 

L Introduction. 

Ordinary tobacco (Nicotiana Tahanon) is cxtcnsiv(*1y cultivated tliroiijijlioui 
India. The area ^ occupied by tiu; croj) is estimated at • 1, 101 ,000 acres, of wbicJi 
J2(),:^0() acres are undiir cultivation in Bihar and Orissa alone. Tlie value of the cro]) 
is over 150 million riipeiis wliicli would bring tobacco into sixth ])osition of importance 
among the crops in India. 

India stands second among the tobacco-groiving countries of the world as regards 
the quantity of the crop ])rodiiccd, the first in order of production being tlic United 
States of America. Thougli tobacco is one of tJie princi|)al crops of India, the quality 
is somewhat inferior and tlie market price of the ])roduct is considerably lower than 
that of most of other countries. 

-Howard and Howard ^ luive made a study of tlie tobacco croj) in India and have 
suggested a number of improved methods of growing tin's crop (tlu^ raising of its seed- 
lings, its ])lanting, its cultivation, etc.) suitable to local conditions. The present 
publication, however, deals with tlie subject of Indian tobacco from a cliemcial 
stand [)oint. The objects of tlie investigation are considered under the following 
three heads 

(I) A study of the effect of a variety of manures and fertilizers on the 
yield, quality and nicotine content of tobacco plants. 


^ Affri. Suit, of Indii, 11)19-20, Vul. I. 
* Agri. lies. In^t. JUi'ta, litill 50. 
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(2) A ccnnparativc study of the effect of such operations as “ topping ’’ 
and ‘‘ spiking ” on tlie yield and quality of tobacco plants. 

(:i) A coniparativi^ study of the changes occurring during the process of 
curing by thv, ordinary country method and by tlie so-called “ rack- 
curing ” method. 

At present most of tlie information wliich is available on these points is to be found 
In ])ub]ications issued by the Agricultural Bureau in America or by Landw. Ver- 
suchs station. As, howev er, Indian climatic conditions and soils are so widely di- 
vergent from those found in the countries referiMid to, tlie results arrived at will re- 
quire careful checking by ex{)erim(mts made in India l)efore they can bo employed 
With any contidenceherci. Jn Biiiar, the most extensive cultivation as well as the 
best tobacco comes from Tajpur Hub-division in Pergannah Hareysa, and Pusa being 
situated in tlie same Hub-division (Tajpur), the conditions there are favourable for 
carrying out such an investigation. 


IL The Effect of Manures and Fertilisers on the Yield> Quality and Nicotine 

Content of Tobacco. 

With a view to ascertain the effect of various manures and fertilizers on the yield, 
quality and nicotine coiitcmt of tobacco, })ot (udture (experiments and fi(dd trials were 
started in OctobiT 19 Kb 


1* The ETFEcr on the yield. 

The ])ot culture exqierimcmts consist ( hI of eight sets of jars in duplicate, each 
set n^ceiving dilTenmt maiiurial treatimmt. All the. jars wtuv filh'd with the. sanu^ 
amount of Puss, soil and constant moist ur(‘ contimt was maintaiiKMi ahke in all the 
jaiK throngliout, the (‘Xjx'r'.ments. One S(‘t of jars was ndained as a control and 
ri‘Ci‘iv(‘d no manure and Kie other s(‘ts liadeiUnu' farmyard manure, farm-yard 
niiuiun*. in combination witJi super])liosf)hate, siqaapliosphate in conjunction wath 
nitrate of soda, snpeiphos|>l)ate inixcMl with saltpetre or sn])cr])hosphate in combi- 
nation witJi n.tiatc of soda and muriate of potash. In addition, tlieni wT.re two sets 
wh ch r(‘C(*iv(‘(l heavy doses of |)hos])liatie ami nitrogenous manures respectively 
in addition to a comph tc miiUTal manure. 

Kidd trials w»a(* earned out at tlui same time as follows: — 

All aiva of land ahoiit ‘>0 ft. by KiO ft. was th(;ronghly ch^aiuid of weeds and 
plongli<‘d four times at intervals of about three weeks before it was di- 
vid(id into plots and tobacco seedlings transplanted in them. The area 
was divided into fourt(H‘n ])lots eacli 12 ft. by 15 ft. arranged in two 



J. N. MIIKEUJJ 


3 


jmraHol r()A\,s, (‘acli row liaving plols. Kach plot was se])arate(l 

from its mMghbours by fallowed strips of about 3 ft. across. 


of f(‘t1tli:rr cxju nnn ul t>H tolmvco, I!)I(}-17 . 



• 

Fertilizing eleim nts jter aero 

Plots 

Ff'rtilizin;^ juatcriids pop acir 

Phn.splmrus 

Pota.ssinm 

Nitrogen 



11). 

11). 

lb. 

A & A, 

....... 

nil 

nil 

nil. 

H & Hi 

Farmyard mamin' o t(»ns .... 



10 

c &. 

►Sn})('rpli(is])hai(' ntidaiiiinir prr cfjd. su- 

lulilo P2O5 5 cwt. ; .salt |)(‘ho .‘2! cut. 

.*{0 

lit) 

40 

J) k Di 

Sup('r[>]i()spliat(‘. 0 cwt ; nitrate of s«ida 

2 cwt. 

:i(i 


40 

JO k Ki 

Su])(M'ph<»spliatc r» cwt. ; niliatc nf .soda 2 
cwt,; muriate of potasli Uewt. 

:io 

7 i) 

40 

V k h\ 

Indigo seefh tons 

Not 

r.sti mated 

1 

Not 

o.stimatod 

40 


All the fourteen plots were manured on the saim* day and tobacco seedling 
which were a})Oiit 1 inc*hes high were traus])lanted u<‘xt day in the afternoon. I i 
each plot three varieti(‘S w ere sown ; th(\y w^(*n‘ — ?us;i Tyjx* 28 in thr(Mi lines having 
15 plants, “ Dhamakul” in one line having 5 plants and "8urujmukhi” in two 
lines having 10 plants. 

JSo far asthegfuieral appearance of the plants in jars w^as concerned, those which 
had received an excess of 25 per cent. 1 ^ 2 ^ ^5 complete juineral manure wnue d(i- 
cidedly the best : the second in order w'ere those treated wuth superphosphate mixed wntli 
saltpetre and those treated wnth supeipdiosphate in combination wnth nitrate of soda 
and muriate of potash ; the third in order were those treated with superidiorpliate 
mixed with nitrate of soda and those treated with farmyard manure in combi natiryu 
with nitrate of soda. Plants grown in jars w^hich w^ere kept unmaniired were 
decidedly inferior to all. 

Table I gives, in a tabular form, the total fresh weight and the total dry matter of 
tobacco plants grown in pots under different manuri.al trr atments. 
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Table 1. 


Jar No. 

1 

tVc'sh 

of 

])laMts 
in ^rni. 

of 

Icavi s aftt‘r 
l)c*in>^ cnn'cl 
in 

'rotal dry 
iimttor in 
lra\(‘s and 
steins 
in j^nn. 

Treatment of jars 

1 & 2 

1,35)0 

230 

242-4 

No manure. 

3 i 

2,070 

303 

411-5 

►Superphospiiatc and nitrate of soda. 

T) & 0 

2,170 

330 

413-9 

»SujH‘rpho.s|)hate and .salt[)etre (pot. nitrate). 

7 H 

2,2()0 

328 

431 1 

Suj)erp])osj>liate, nilrato of soda and miniate 
of potash (pot. ehloride). 

9 & 10 

1,S20 

279 

315-1 

Farmyard manure. 

Jl & 12 

1.82.5 

201 

332-2 

Farmyard manure and su]>crj)]ius[)hatc. 

13 & It 

1,885 

281 

342 

Farmyard manure and nitrate of soda. 

15 & 1() 

2,(i95 

351 

4.59-3 

Excess of 25 ])er cent sui>erplios])hatc, super- 
phosj)hato, nitrate of soda and muriate of 
])o(asl). 


An examination of this tabular statonu‘nt sliows that tJie, “ potassium ’’ increased 
the yield to a certain extent and a lieavy dose of piiospliatic manure in addition to 
a complete mineral manure im])roved the \ ield lo a gn^at extent. 


Table IT. 


Treatment of ])lots 

1 

Fresli \\ t . 
of tobacco 
crops in 
kilos [)er 
j»lot 

Total dry 
matter in 
kilos 

Fresh \\i. 
of eroj) 
calculated 
as yi(*Id per 
acre in 
kilos 

No manure ..... 


L5-54() 

2-923 

3,822 

Fafinyard nianurc .... 


19-795 

3-613 

4,872 

Superphosjiliato and saltpetre, 


21-484 

3-875 

5,285 

Superphospliatc and nitrate of --oda 

. 

18-488 

3-61() 

4,547 

8upcrpiio.sj)l)ate, nitrate of soda and muriate of potash 

20-871 

3 -Sot) 

5,133 

»Superphos])hate and farmyard manure . 

. 

21-409 

3-935 

.5,281 

Tndij^o spfth ..... 

. 

20-249 

3-657 

4,984 
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Tabic II gives in a tabular form the results of field trials carried out same yeai 
(1916-17) with diflerent manures and fertilizers. A com]>lete mineral manure 
consisting of super])hos])hate, nitrate of soda and muriate of potash increased 
the yield by M i)er cent., suj)erphos])hate with farmyard manure increased it by 36 
l)er cent., indigo sedh by 30 ])er cent., and farmyard manure by 28 per cent. As 
in the case of ];ot ex])eriments potassium always increased the yield to a certain 
extent and a complete mineral manure gave the b(^st results, but considering the 
high cost of such a complete mineral manure as siqjerphosphate, nitrate of soda and 
muriate of potash no worse results w^ere obtained with indigo seeth or with farmyard 
manure which are so easily available in Bihar and which cost also less. 

In the following yc^ar 1917 another se.t of field experiments were laid down. In 
1916-17 tile individual eflect of the manurial ingredients, e.g., N. K, was not 

tested and consequently in 1917-18 the field experiments were designed to test this 
point. The ])lots were arranged similarly to those of the previous experiments, but 
this time the size of each plot was larger, being H ft. by 25 ft. each. In each jilot 
two varieties of tobacco Pusa Type 28 ” and Surujmukhi ” were grown. 


PIdH of fertilizer exjierwienls on tobacco, 1917-18. 



l^lot 

Fell fiiatoiials with latr of aj|)litati( n 

Fertili/ing elements pc 

‘r aeie 




j.or aero 

1 Fhosphorus 

J’otassium 

Nitrogen 





lb 

lb. 

Jb. 

A 

& 

Ai 

8ii])crph()S])]i{it(' oontainini^ 20 per ((‘iit. so- 
luble F’jt ^ 5 - 2 ow t. 

20 



B 

& 


iSiiporphospliato oontaiiiiiig 2U per ooiit so- 
luble I*aU5 — 

30 



C 

& 


None ....... 




J) 

& 


Farmyard manure amount capiivalent <in 
IV)5 to 2 cwt. suiJorphosphate ijor acre. 

20 


30 

E 

& 


Superphosphate containing 20 ]ier (cnt so- 
luble E 3 O 5 — and saltpetre— 2^ cwt. 

20 

110 

10 

V 

& 

f'l 

Saltpetre 2J < wt. ..... 

•• 

110 

40 


The results of 1917-18 field trials showed that the individual effect of superphos- 
phate or saltpetre on the yield of tobacco was almost negligible, whereas those 
two in combination increased the yield by about 16 per cent. Farmyard manure 
used singly gave a still better result, the yield being increased by about 
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no ])er cent. TIic nsc of a heavier dressing (3 cwt. per acre) of sii]Kn‘j)lios])liaie 
singly in no way improved tlie yield. The results obtained are tabulated in Table 111. 


Tabj.k 111. 


'I’ri'aiincnt of [ilol.s 

^ Fresh w eiizlit 
(»f lohaceo 
er«ip iti kilos 
jM‘r plot 

4’otal dry 
mattr'r in 
k i l< »s 

I , .. 

l^'iesh wei^lit of 
plants cal- 
enlatod as 
yi( ld pi t aeic. 
in kilos 

Sii])(*r|)ho.si)liat(' at 2 cmI. i)(“r a( ri‘ 

4isr) 

.S-015 

5,231 

Su|H‘r})lw)«pluU(? at 13 cwt. per acre 

41 -to 

7-l)3S 

5,175 

No inaiuirc ....... 

11-00 

1 

7-S{)S ! 

5,125 

Farm yard manure ...... 

5310 

otuo 

(>,037 

►Supcrplios]»Iialc and sal([i( (ni .... 

47-25 

8-7<i(i 

5,01)2 

SaltiK'tn' ........ 

12 1)7 

SI 1.3 

5,371 


Combining th({ results of experiments carried on in jars in 1!)H)-17 arid the held 
trials carried on in two consecutive years 1916-17 and 1917-18 the ligures ob- 
tained would seem to justify the following inferences. 

(1) As the fertilizer for tobacco in Pusa soil. sup(a’j)hos])hate or saltpetre 
used singly is not effective. 

(2) A complete mineral manure such as superphos])Jiate, sodium nitrate and 

muriate of potash gives an excellejit effect. 

(3) The presence of ])otassium in the fertilizer has r(‘-gula.rly increased tlie 

yield. 

(1) Jt appears that the greatest total yield is produced by a fertilizer contain- 
ing relatively more phosphorus in pro])ortion to nitrogen than is found 
in ordinary farmyard manure (vi'h> pot experiment, 1916-17, jars 
15 and 16, and the field trails superphosphate and farmyard manure, 
1910-17). 

(5) As the fertilizer for tobacco, farmyard manure or indigo sre/lf occu|/e‘s 
a leading position on account ol their cheapness, tlu^ir availabilitv 
ill Bihar and their great effectiveness. 

The reason of the great efleetiveuess of farmyard manure or indigo sreih is quite 
obvious. Tobacco is a crop which will not grow well unless the soil is not loosened 
very frequently and tiie use of such organic manure as farmyard manure or indigo 
seet/i makes the soil more porous. Bihar soil is generally poor in organic matter 
and the application of this constituent is attended with a good crop of tobacco. 
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2. Tttk on thk quautv. 

Tiio qiiiility of a. tobacco (l(q)cii(]s on various ])ro|)(U'tics sucl'i as l)ii?*nin^ ([iialities, 
size, ^veig]lt, fb^licatc struclurc, elasticity, colour and tVrnuuiiativo ]n'()|)(‘.rties, and 
tIic.S(‘ ill turn (Ic.jxuHi u])on so]m^ of tlio clicinical constiiauaits of 1 he tobacco ])lant. 
Fisca. and Jiuai ^ deduce tlu', following conclusions from tlieir K'searcluss on the quality 
of tobacco ;■ — “ A higli per c(mt. of nicotim^ lias not Ixm.mi shown to be an indication 

of the good quality of toliacco 'flie albuminoids in a tobacco afford 

no indication ol ([uality unh^ss tin*, proportion of amides is simultaneously considered, 
'.riu; amido nitrog(‘n i (‘.pr(*M‘nts, for the most part, harmh'ss. or ])erhaps (‘.viui beneficial 
nitrogenous c.oinpounds. Any way tin*, conversion of albuminoids into amides is 

one of tile most imj)ortant, r(‘sults of the fermentation Only considerable 

dilbireiK'cs in tJui amount of tln^ various constituents of tobacco can giv(^ any con- 
clusiv(^ indication of tin*, quality of a tobacco. \h*rv bad tobacco always contains 
inucli albuminoid matter, sulphuric acid, chloriin* a.nd large (juantitics of 
mineral acids, with small proportion of amido ni(.rogi-n aiai potash.” Tlie 
various ])ro}»e]‘ties of tobacco just lueiitione.d an*, more, or Ic.ss alfe,ct(‘,d liy 
the variety of tobacco, the soil, time and mamn*!* (h‘ manuring, mamn'r of setting, 
treatment of tlm plant in the held, climat(5 ami time of har\ «‘st/ing, 'fln^ propc.rties 
of tobacco may also be materially alT(‘Ct(‘.d by tlu^ mamn*i* of curing, tlu; condition of 
tlu^ wi‘ather during drying and tlui fermenlation its<*lf. Tlui fact that so many factors 
])lay a ])art in d(da‘iTuining tln^ r[uality of tobacco mah(*s this subjc.i*t an csjaM'ially 
diflicult one to study. In tin* cNjM'.riim-nts outlined abovi*, ot-he.r factors and condi- 
tion of growth liaving been lN'(‘])t, as far as possibhe tin* saim*. obsi'rvations on the 
clb'ct of diff(‘reiit' manurial t r(‘alm(*nls on tin* (piaiity (»f tobai'co W(*re madia 

Ah*\and(‘i’ (Aserha (i.“ Harry ratterson,*^ halwaid riciikiiis.' Ma,\ bchmann,*'’ 
Rasmuss(‘ii/’ Adolf !\lay(*r," N(^ssh*r,'‘^ .bhmson,-* Kesca.’^^ ami (lariier’^ (‘arried out a 
S(uh\s of (axperiiucnts oil tlu^ I'dVct of dilb*rciit f(U tili7.(*rs and manures on 1 1n* comjiosi- 
tion, (jllalit^' and combustibility of tobacco. Siiict* these <‘Nperimeuts wtwe earried 
out by dilTereut- investigators at, diiVt*rent places and under such varying i‘ondi- 
t ions as sod, cliniat (*. I'te., and s'lina? their eoiielusioii a re so \'a ried , it s(*ems, tlnu’eloi’ta 
unreasonable t(» deduce any inferenci' for one country liom obsi'rvatiiuis made in 
anotin*!* of (*ntir(*ly dilbu'ent climate, ddn* iiiv<‘.st igatlons of Adolf .Mayer, Nesslm’, 
F(‘sea, Pattm'sou and (hiriicr s(‘.om to liavi^ sliown beyond mm h doiil)t t hat potash 


^ Jour. A'or. ('lniu. Influ.^lri/. \ ii, 

“ J. Louikr, isur>, ni, .‘iTintAs. 

^ M (irryla uil Jiull. iHi, 

^ Ann.'jirp. A<jri. Kxp(ri. Hhtt. (^nuufrfirui, IS!M v';- IKlHt L>a, 
® Lfuidw. I ^StuL 1903, oS, 439*170. 

® liiochtm Ztvchi\ 09 (]9ir>), No. T)-!*, Mil-ir.i;. 

’ iMtidw. Vimm'hs 38, 92-l:?0. 

« „ „ „ 90, 39r,-43S. 

® Connecticut iStat. lUp. 1893, 112-127. 

Jour, Soc. Chon. IniluAry, vii, TGU. 

L^ S. Dept, of Agri. Buraiu of Plunl InJiiAry JluU. 10 . 7 . 
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is favourable to the glowiiig, that chlomie is unfavourable and that the effect of 
potash is most ])hiinly seen wlien a part of the ])otash is in combination witli organic 
acid, that is wJien the tobacco ash consists largely of bases with relatively low content 
of sulpliates, chlorides and ])]i()S])hates. Alexander Cserhati contradicts Nessler’s 
statement that tobacco containing over O-l ])er cent, of chlorine with loss than 2*5 
per cent, of ])otash will not burn well, and declares that the view that cumbustibility 
of t'jbacc-o dc]i(‘nds mainly on the amount of chlorine and ])otash it contains arc 
erroneous. Tlie o|)inions of those investigators with reforenc(^ to the (iffect of ferti- 
lizers on organic, constituents of tobacco, specially albuminoids, are much at variance. 

In tln^ ])resent (^xjxaiments the (juality of the tobacco so far as ])hysical te.xture 
of the loaf, colour, elasticity and size are c.oncerned was determined by Mr. A. (h Acreci, 
Director of tJie Indian Tobacco J)eveloj)m(ait(hm])any, Dalsijig Sarai,to whom sam- 
ples of tobacco growii umhu* dilTercnt manurial treatments wcau^ submittcMi. Jlis 
rciport for tlui year IDKi- 17 runs as follows : “ The (juality of the samj)h‘s is good 

enough for cigar(‘.ites and wawould use the wliohi lot just as they aia^ if th(‘, tobacco 
was taken olf of the stalks and graded. S-E, he., Hurujmukhi grown by superphos- 
])hate, sodium nitrate and ])otassiuni chloruh^, and S-h, he., Surujmukhi grown by 
superpliosphate and farmyard manure, are the hestof tlu^ lot from a tc^xture point of 
view, but the colour is a little dark. S-E, he,, Surujmukhi grown by suixTphosphate 
and farmyard manures, is the better of tlui two. i.e., Dhamakul grown by su])er- 

ph()S])hat(^ and sodium nitrate, and ])-(}, he., Dhamakul grown by indigo .see/A, 
are fairly good, but on the ])apery side, he. Dlnunakul, grown by indigo see///, 

would be very good if it Jiad more body. Tlu^ S(^veii samph^s 1* ,\ to b-(.h he., seven 
sam])les of Tusa. Typ(‘, 2(S grown by diHer(Uit manurial treatimait, are just about the 
type we are buying here from the ryots. P-A, P-H, P-( ! and P-i), he., Piisa Typ(‘. 28 
grown by either Jio maiiun^ or fannyard manure or superphosj)hat(^ in coJijunction 
with potassium nitrate or suj)erphos])hat(5 with sodium nitrat(;, are all ])ractically 
tJie same or so close I can tidl no dilha-eiiccj. P-E, he., Piisa Type 28 grown by 
suj)erj)hosphate, sodium jiitrate and potassium chlorides, and P-F, he., Pusa Type 28, 
grown by su])erphosp]iate and the farmyard manure, wliile of the same type, are 
lacking in body and texture . P-G., he., Pusa Ty]>e 28 grown by indigo see///, is the 

commoJUist of the lot. P (t, he., Pusa Type 28 grown by indigo see///, and D-D, 
he., Dhamakul growji by suj)erphosphate and sodium nitrate, are very alike in ({iiality 
and texture, and these are the worst sam])les of the lot.” It may bo i)oint(Hl out 
that, whereas S-E, /.e., Siirujmukhi grown by superj)hosj)hate, nitra,te of soda and 
muriate of [)otash, and 8-E, he., Surujmukhi growji by sup(u*ph,()S[)hate and farm- 
yard manure, have becui reporttnl as the best of the lot from a texture point of view, 
P-E and P-E, two sampi(‘S of Pusa. Ty])e 28 grown respe(‘tively by the same manures 
and in the saim? plot as S-E and S- E, have been repoi ted as lacking in body and tex- 
ture. Again the sam[)h!s J^-A, P-B, P-C and P-D wliicii grown wdth no manure, 
farmyard manure, su])er])hosphatc with saltpetre, and superphosphate with nitrate 
of soda, lespt’clively, ha ve all been reported as alike in quality. 
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Samples of tobacco whicb were ^rowii in 11)17-18 under different nianurial tront- 
ment weio reported by Mr. Acree as followK: ‘‘ 1 have had a look at each of the 
samples separately and find tluit all of these sani|)les will do for the manufacture 
of cigarettes : 


1. Siinijimikhi {^rowii })y suporjilioMplinto a< 2 cax siijuTphospliatc at H 

su|H*i-pli(>spliat(' with sallpclrc (Jodd. 

2. Siinijnuiklu ^rr,,Avii ])y IK) iwainiro, I'armyanl maiHiiv .... Not. so ^^ndd. 

Sunijniaklii jrn.w'ii ])y sail p<d rr Cniinndi). 

4. Surnjmukhi diiidicnto j^M’ow n hy siip(‘rphnspliat(‘ at 2 cw siipor])hdspha((‘ 

at :)cw t., per aero Fairly .L^nod. 

a. Siinijnndshi diiplicalr iji;r<>wu ))y no inamiif*. laipci plm.-ph.itr uilli salt- 

pntiv, saltpctiv . . (J,„.d. 

(). Sunijnujklii dnplii-ato prow'll l)y fainjyard niamiM' .... \'(‘iy I'-ootl. 

7. Ftisa 2S prow’ll hy siip(‘i phosphal(‘ at 2 < w < pi-racK' .... \’(m\ 'jood, 

5, Pusa 2S <;r(»w'ii hy supcrpliosphato at .‘1 cut,, rm inamm', sallp<‘tr<' . (inod. 

1). I’usa 2S }^row’n h\ raoiiyard inamiir, sup«>i phosphat(‘ w it h salt p('liv . Pairly «An(.d. 

]0 I’usa 2S duplicati' ^lown h\ snpctj>lio.sphat<‘ at 2 cwt.. mi j.« i'|.l>n,splia(r’ 

at 2 ew't., no maimiv. salt pel r<* ....... (Jood, 

II. I’lisa 2S duplicate ernwn |)y tarmxard niannii*, siiptaphosphati' with 

saltp(«tr(' ........... \'rr\ jaM.d. 


As in ])r(5vi(nis instjtuc(‘s, so i-oo \V(‘, find tlnit Surn jmukhi grown by sujttu*- 
phospliJit(i at 2 cAvt. j)(U’ aciA* and Sunijmukhi grown by sup^*.r})hospll^lt(^ at 2) cwt. ptu* 
acre have betm la^jtorted its ‘'good," wliilii their duplit^tile sa,mpJ(v. grown by tln^ 
same nuinun^s under same ctuidition lia.V(‘ bt‘cu rt^ported as " fairly good." .Again 
Jhisa Ty])e 28 grown by farmyard nuinurt^ and Ihisa, Type 2!^ grown by sup(irj)hos- 
})hat(} with saltf)etrc iuive been reported as " fairly goo<l," wJiile tlnar duplicate 
samples grown by tlu^ same treatment and under same conditions havti btsai nn 
ported as ‘‘ very good." The facts ] trove beyond doubt that the.rt‘ is no definite 
rclationshi]) between the (piality of tobacco (so far as t(ixtunt, (atloui and body are 
concerned) and tile dilbirent manurial treatments they r(‘C(‘iv(^. There do(‘s not a jt- 
pear to exist any constant relation even between th(‘, so-calhul ([uadity of tobacco 
and the richness of the fertilizers used. 

The samples of tobacco grown by dilferent manurial treatimuits in tint yiiars 
191G-17 and 1917-18 were analysed for their ash, jtotash, chlorine and protcrui contmits 
^.c., for constituents whiidi have been gciuirally recognized as alfecting tlie (luality 
of a tobacco. Table IV giva^s in a tabular form the analyses of the dilferent samjdes 
of tobacco by different nianurial treatments during 191G-17 and 1917-18. An 
examination of the figures in Table IV shows that the ash content has been hardly 
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affocied by the different manurial treatments; the tiguresfor ash content, in most 
cases, varied between short limits of 17 and 19-5 per cent. Similarly the protein 
contents or the ratios of a niido nitrogen and albnniinoid nitrogen to the total nitrogen 
have not been affected by the different treatment. For instance, superphosphate 
in case of Ihisa Tyj)e 28 gave a comparatively high figure of 17*F3 for aniido nitrogen 
and a comjiarativtily low figure of 4:1-9 for albuminoid nitrogen, while the same ferti- 
lizer gave in the cas(i ol Snriij mulch i ” a comparatively low figure (in fact the lowest 
in the series) of 10-48 for amido nitrogen and a high figure (the highest in the series) 
of ()0-7() for albuminoid nitrogen. Again a high figure for albuminoid nitrogen was 
obtained in one instance with su])cr|)lu)S])}iate and saltpetre, while in another a lower 
figure was obtained with tlie same treatment. The potash in the tobacco, however, 
seems to be affected to some extent. Chemical fertilizers, in majority of cases, in- 
creased the ])otas}i coiitcait of to])a(*c(), while organic manure as farmyard manure 
or indigo sedh witli a very few exceptions gave a low potasli content. 



pn>A Type '28 SuRujMrKHi Dhamakvl 
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Ap])lication of potassium chloride (muriate of potash) iuvariably increased the 
chlorine content whicli without douht injures the burning capacities of tobacco. 
Addition of muriate of ])otas]i to superphosphate and nitrate of soda increased the 
chlorine (*ojit(uit of tobacco by twice that which was obtained with siiperphospliate 
and nitrate of soda and by thric(5 that obtained with superphosphate and saltpetre. 
This fact was obsiu’ved in the pot culture exjH'.riment of 1910-17, where tobacco 
from jars tr(‘a.t(Ml with su])erphos[)hate, iiitrate of soda and muriate of potash gave 
the high(\st figure', for chlorine. 

In order to test the buriiifig capacity or combustibility, tobacco Bam])les which 
were grown by dllTereiit inannrial treatments in 1917-18 were sent to the Peui?i- 
sular d\:)baeeo Factory, iMonghyr, where they were maih^ into cigarettes of a par- 
ticular length and diametc'r and as nearly as possibh'. of the same com])aetness. 
Tluj combustibility was tested by 'rotli's method^ which enables one to numeri- 
cally exprc'ss the “combustibility” of a tobacco. Tlu^ following figures were obtain- 
ed, the valu(‘. being thc‘. average <>f about six tests which were mad(i with eacli 
sampU'S. 


I’n-atinciH <4 

( 'oMijusTioN VAran' 

Siiin jniukiii 

Uiisa 'l\v,)u 2> 

1. iS»ijici |tli<iSphat(‘ at 2 cwl., (><‘f acre ..... 


o2U 

2. Sn|)( i‘|tln»-^j)l)atc. at !t cw ( |i(‘r arr(‘ ..... 

710 


No iiiaimic* ......... 

r>27 

r)2;3 

1. l^ai'iiiyanl inaimrc ........ 

;V.S 

nic, 

0. Su|uM |»lio<j)]iat(‘ anU .sail |irt rc ...... 

;)2t) 

5U:i 

(>. Salli)olrr ......... 

n>7 

445 


Tliere is litth^ (U’ no dilfer(UH'<^ l.'ctueen sajnj)!es grown by treatment 1, 8, 4 and 
T) so far as combustibility is concerned. 8altj)etre gave low value for both the 
varieties of tobacco t(‘sti‘d, while a. hea.\ y dosi*. of super|)hosphate (treatment 2) gave 
liigh combust ion valiu*. It was also obscivc<l that cigarettes made from tobacco 
which Jiad bci'ii maaiuied with saltj)etre burnt, (juicldy when smoked, wliereas that 
receiving snperphosj)liat(^ burnt slowly and in some cases did not burn well when 
liglit('d. A combination of sn])erphoapliate with siltpetre produced a tobacco 
which burnt fairly w*‘ll when smoked. 


1 Rev. Jiitcrn'it. Fal^i, HKM, 17, 142- Mo. 
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Combining t/li(‘ i(.*siilts of Iavo years e.Xjieriineuts tlie fulloAving conclusions may 
be deducted : - 

(1) Idle (]Uiility t)f tobacco so far as texiiire, lolour. body, etc., are coiicerned 

bears neitlKu* any relation to tin*- difUntuit manurial treatments it 
receives, nor to the richness of tin*, butilizers used. 

(2) The ash, amido nitrogen and albuminoid nitrogen (constituents wliicJi 

liave a bearing on tlu* (jualitv of tobacco) are hardly affected by diffo- 
nmt manurial tri'atiiumts. 

(d) Cliemical budilizius gcmerally give a higlun', and organic manure as farm- 
yard manure or indigo a lower potash (‘ontent (constituent which 
improv('s tlu^ burning (jualitv of a tobacco;. 

(1) Application of muriate of potash (potassium chloride*,) as a b*.rtiHzer in- 
creaS(‘S to a great extent chlorine cimtent which injures tlie burning 
(pialit.y of a tobac(‘o, otlu*!- manurial treatments, having little or no 
effect on the chhirim* content. 

(5) Tobacco manured with saltpetre burns (piicbly when smoked, whereas 
that r(‘C(‘iving supeipluisphate, burtis bad and slowly. A combina- 
tion of these* two manure's j)ro(luc(-s tobacco which burns fairly well. 

:>. Tm: KFi Kc'i' ox tiik nicoiink coni kni'. 

How far tJi(‘ nicotine* conte-nt of a tobace*o is alfe*ct(‘el by difTe're'nt mamiria.1 treat- 
ments and whe*tbe*r it be*afs any constant reflation to the richness of the fi'rtilizers 
used, has bi*(*n t he* subjc'e-t of in\'estigation by a numb(*r of (*x])i*rime*ute‘rs from time 
to tiim^. Adolf IMayer’ from a, serie*s of (*xpe‘rinu*nts on twc'lve on(‘--fortieth acre 
])lots, I 1 being fe*rtilize*,el with various combinations of fai*m\'ard manure, nitrate 
of soda, caustic a.mmouia, supe‘.rpliosj)hate*, 'riiomas slag, j)ota-sh and double sul- 
pliate* of potash and magnesia, auel one^ remaining immamire*el. pointed out the in- 
llue*uee*, of fertilizing mate*rials on the* epiality of t-obae'e-o. and sliowe*el with ref(*r(*.ncc 
to nicotine*, tluit its feirmation in the* ])lant was fa\ome‘d by a he*a,vy applicatiein 
of t*asily available* nitre)ge*nous mate*i ials and tliat a liigli ])e*i( e*ntage* of nicotine 
was ill no e*ase*. ol;se*i\(‘(l wlu're, the* suj)])ly of plant, food was de*lie*ient. 

fJe'nkins“ showcef that tlie*, pe*re e*nt.age*. ol nicotine* was al)o\'e_* the ave'rage*, in to- 
bacco to wbie*h large* epia nt itie*s of nitrogenous fei tilizers bad be‘i*n a])pli(‘d. Pas- 
serine^ found tbc percentage of niceitine* in elry t.obaeco h*a\(*s from eliilerent plots 
as follow s . - 

Ihi fertilized plot :h-107 |)er cent., witli lb, (lrie*d b!e)e)d per aeie* per 

cent., with 2b7 lb. sulphate* of ainniouia l-()72 ])er cent., and with dbh 11>. nitrate of 
soda '[•18d j)fr cent. He tlnis coiicludeel that th(*re is lu) re*lation betwe*eii the ni- 


‘ Jjnnhr. Vvr-siichs SS. 

(,'<Hnnr(icul lit p., ISDei, SlU-SSS. 

^Sluz-Sprr Afjri. Ital , (ISDo), .No. S. olS r»2y. 
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cotiuo coiitonis of tohiirco and the inainirial treatment they receive. Carner^ con- 
cludecJ that llie |)(M'(‘cnta,<r<* of or«^anic nitrogenous com])onn(ls, including nicotiin^ is 
generally ])roi)ortion;it<^ to the, IiL\urianc(\ and vigour of growth, and tJiat conditions 
favourahle to rank growth are brouglit about by the use of excessive (juantities of 
iiitrog(‘iious fertilizers. 

Ibisnuiss(‘n“ from his studies with Nicoliffiia rusfi<‘(i and with Jliuigarian and 
Virginian varieties of toljacco sliowialthat no clear and constant relation exist ))et- 
wx'cn the richiu'ss of tli(‘ IVrtiliztus us(mI an<l the nicotine contents of tobacco plants. 

In till' |)r(‘Si‘nt (‘Xjiei imi'iits, w ith a \ iew to ascertain tin* (‘Ifi'cl. of dillerent ma- 
niiri'S atid feitilizeis on t lie, nicotine content of tobacco, samjiles of tobacco grown 
in jars as well as in held during two yi'ar's (Ihlb-IT and 11)17- bS) wi'ri'. examini'd 
for their nicotini' c*ont(‘nt. Tabh'. A" gives the. Jiicotine conti'iits of toliaccc.) grown in 


jars in 11) lb- 17 w 
content of tobacco 
treatments. 

th dilVerent manuri'S and fert ilizi 
grown ill lield during 11)1 b-17 and 

Table V 

rs and 'Tabli' VI the. nicotinic 
11)17-18 with dilTerent manurial 

No, of jai\s 

Treat incnt of jars 


Nicotine 

1 and 2 . 

No nianuri' ..... 


0-12 

li and t . 

Sii |H‘r|iho.- |»li;i(c .iiid nitiaU' of soda 


72 

.I and () . 

Su[M-i)tl)ns|)lian' and saUpctie 


.1-02 

7 and S . 

►Sn jM'i nitrate of .soda aid imiiiido of potash. 

41)7 

t) and lU . 

Fai ln^ aid inannn* .... 


511 

]laadl2 

F.irmyard nianurr and i iipcrphospliato 

. 

:Mi7 

laandlt 

Fa rm\ aid inamiic ainl nitrate of soda 

. 

:;-7s 

IT) and Hi 

Ex(niss sui»erpho.s]»hate willi nitrate of 

jiotasli. 

soda and iinii iate of 

4-27 


All examination of t he figures in Tabh* V will show that alt.hough tobaci'o grow n 
in unfertilized jais and m jars treated with iarmyard manun'S were, decidediv very 
poor in size and weight, tliey gave high nicotine contents, wlu'reas those grown in 
jars receiving su])erphos])hate. and nitrate, of soda or superjihosphate, nitrate of 
soda and muriate oi jjotash with much better growth and yield gave, eonijiaratively 
low^ nicotine contents. 

In Table VI. a column giving the fresh weight of tobacco crop yielded against 
the column for the nicotine content has been added. Jf we now examine the figures 


’ U. iS. Dept, of Agri. Burcav of Dlant hidn.Ary, Bull. lOo. 
“ Bichcui. Ztscitr.y (*0 (ItMo), ij-O, 
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for tlic nicotiiio along with tlie fignros for tlio yiokl, we find that in case of- 

rusi Ty])e 28 as well as iji case of Sunijnjiikhi the nicotine yield is, in majority 
of cases, proportional to tlie yield of the cro]) or in other words to the growth of 
tobacco. On the otluM? hand, we. also hiid tliat in case of Pusa Ty|)e 2(S indigo seeih, 
though giving as liigh a yi(‘ld as farmyard manure, gives a very low nicotine con- 
tent (th(i lowest in the series) and no manure though giving a very low yield (the 
lowest in tlu^ seri(‘s) gives as higJi a nicotines content as faiinyard manure giving 
tlui high(‘st yi(‘ld in the, series. Sucli irr<‘gularities have been observenl in pot cul- 
ture experiuHMils too, where tobacco grown by no manure and farmyard manure, 
with a poor yield, gave a high nicotine content, and those grown by suj)er])lios- 
phate and nitrate of soda or super])hosphat(i with nitrate of soda and muriate of 
|)otash, with a much bett(‘r yi(*ld, gave a comparati v<‘ly low' nicotine, content. JFow- 
ever, on tlu^ whole, the results cb‘arly indicate that the nicotine content in to)>acco 
is giuierally proportional to the yield or in other w'ords to the growth of tobacco. 
Again when we examine the column containing kilos of leaves p<‘r kilo nicotine in 
Table VI we find that superpliospluite or nitrate when aj)j)li(*d alone t(*nds to de~ 
cr(‘asii the nicotine content, but a combination of tlu‘se two manures temds to in- 
crease tJi(* j)r()jK)rtion of nicotim*. 

Adolf Muyer^ whih^ studying tin* conditions of growth fawonrabh^ to fh(^ de- 
velopment of nicotinii cont(‘nt of tobacco, sliowc.d that not only manur(‘S but iji- 
('r(‘as(‘(i t(‘nip(‘ratur(‘, direct sunlight and iiic?eas(‘(! humidity (‘ach individually 
favours tin*, formation of nicotine, whih* an incrcasiMl wat(‘r content (►f soil, which 
is gcii(‘rally alt(‘ii(i('d with a. hov dry matt(‘r of crop, hiiuh'is its formation. In 
general, it may be (‘onclud(‘<l that any factor which pr()n)ot(‘S the growth of tJie 
plant is a(lvantag(‘oiis to iiie fornuit-ion of nicotiiu*, and an>' wdiich hiinhus the growth 
is disadvantageous to the formation of nicotine.. 

III. The effect of “ Topping ” and “ Spiking ” on the Yield and Quality 

of Tobacco. 

“'Popp'’*.’’ <)|K‘'ation which consists in br(*aki]»g tin* top at the growdng 

poiflt, wduMi tobac('(t plants a.n* '1 ft. to ft. i\ in. high and whim the buneh of young 
(low ifc' as well put out d uc objM*ct of this opi'rarion is to prc\'(‘nt plants W'asting 
tlieir (‘neigi(‘S in sprouts, shoots, suckling, (lowcfs and S(‘C(ls. 

" S[)iking ” is an opciatiojv wiiicli consists in breaking tin* toj) at tlic. growling 
point, inserting a little skewer at the fracture and pushing it a little waiy down when 
the tobacco plaiUs aia* about I it. to I it. (i in. high. ddu*. object of this operation 
is to (hnuf ihv. plant, to pie.vent it throwing out iiiore shoots, and to j)r(jduce broad 
and coarse h*a\ c'S, al old lt*n of which ('onstitutc (In* crojn 

lop])ing as (li'suibcd above*, is practisiui in .\m(‘r?ca and all other tobacco- 
growing countries except India wduuc* over a considerable, tobacco-growing area 

^ Liiifiu'. yci.'nu'ii'} stat. p.p. ir):v4()7. 
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8i)ikiiig is more commonly adopted. In tlio Madras Presidency, however, wliere a 
good deal of tobacco is used for cigar making, topping as practised in America is 
carried on. The mass of tlie tobacco grown in Jjidia is consumed in the country 
by the people thems(dves for (diewing purpose. The object of the cAiltivator is to 
grow a heavy crop of coarse tobacco, attention is never paid towards producing 
a better quality of tobacco suitable for cigar or cigarette making. Tlie reason for 
this is ol)vious ; there is little or no demand for tobacco of better quality within the 
country, neither are there ag(mcies for siqiplying raw materials of better quality 
in large (juantities to Grc^.at Britain and (jther c.ountries for their tobacco factories. 

Idle growers of tobacco are relatively poor men with small capital, their ideas 
are ])rimitive, tlnw have greatiu* faith in tludr old ])ractice of spiking b(‘cause they 
believe that it brings forth a greater yield of the crop and consiMpieiitly will fet(di 
nmre ])rice. dlui object of the experiment detailed below is to throw ligiir on these 
two o])erations by making a study of tlndr comparative elfect on the yiidd and (jua- 
lity of tobacco. 

In Iblb- 17 a number of plants in each of the fourteen ])lots were simply topped, 
while others W(‘re spilv(.‘d. Since Sjiiking was carried on cAirluM* than top])ing, for 
(Hich s])ik'(‘d jilant. chosen for this (^\])(Tiinent, another one of the same siz(‘ and in 
cloS(‘ |)roximitv to it was S(‘h‘cted for topping. All such ])airs of spiked and tojiped 
])lants for cxperiimmtal ])ur])(hS(‘ w’ere marked with proper labials and conse([uently 
then^ was no diHiculty in iihmtifying tluan wlnui the cro]) was cut. 

The dry W(‘ight of leaves and stians of ]>lants from each of the various ])lots and 
of each variety (Ihisa Ty]i(*, and Surujmukhi) obtained by the two operations 
are s(d fortJi in Table \T1 given below. 


Taulu VII. 






1 

SiMKKI) 1 

i 

'Toi' 

I'Kl) 

VUA 

\ ty 



1 )l V 

lU’V ■ 

J)r\ wciulit. 

llrv wicuiil 





uf Ira \ rs 

of sli'fii.s j 

of l(;avos 

ttf S1(MI1S 





LUtn. 

1 

j^nn. 1 


unn. 

' 

A 

'rv|U' 



202-:} 

iO)-.') 

1S7-0 

01-7 


Uusil 'I'vpc ‘JS 



mr»i 


1*111-11 

42-.4 

A, 

Suru jimilvlii 



1 71)'.'* 1 

nO’T 

147-1 

4 V4 

1) 

l*ijsa "l'y|K‘ 2S 



:a)i-.7 1 

.72-0 

24 7 -S 

.711-0 

•h 

I’nsa. 'rype 2S 



l ; 

214 

177-2 

211-0 

.iq 

Suru jmuklii 

Pijsa. T\ [><• 2S 



iss-r» ! 

.7.7-4 

i(;s-:{ 

74-2 




201-0 1 

oO-T 

2i:M) 

70-4 


Siini jiaiiklii 



2*11-4 ! 

SO-0 

2;7*1-S 

112 (1 


Sum jiiuiklii 



nii-s i 

72 -.7 

2.44 -0 

79-7 



Total 


1*10(5 -7 ^ 

I 404-7 

lS.41-7 l.7,4-0 
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KFFPXJT OF MANURIAL AND OTHER OPERA HONS ON TOBACCO 


All oxaniinatioii of the figures in tlio abovo sfateinont will >show that in 5 cases 
the spiked ])la.!itH gave a higher yield in leaves and in 1 cases the to])ped ones gave 
a higher yield. Taking the results as a whole, we lind that tlic effect of spiking 
has be(‘n to increas(^ the yield of leaves to a v(‘ry small extent (1 ])er cent.) over topp- 
ing, and tin*, (jifect of to])]jing lias been to increase the w(‘ight ol. steins by 20 per cent, 
over sjn'king. 

In 1017-18, a plot 20 ft. by 24 ft. was manured with su])eTphos])hatc and farm- 
yard mamna^ The manuiu'd jdot was divided into I ijiiadrants each 12 ft. by lb ft. 
and in each of tln‘S(‘. 1 plots, a variidy known as Kawnia was trans])hiut(‘(l. In two 
of tlu', diagonally situated ])lols. all the ])lants were topped. The sinking was carried 
on wluMi the jilants wer(‘ I J ft. high as is the common practice in the country. 'Fopp- 
ing was carried on when tlie plants an ere 2 fi. high and young flowcTS AAane sliow- 
ing. Th(i aA^erage. number of lea\'cs to each j)laiit was 12 in case of spiked ones and 
M in cas(^ of topped ones. 

The results obtained ar(^ set out below — 


Table VI 11. 


Kawnia Simkko 

Kanvma 'ro 

ri’KD 

J)ry of loa.v(*.s ,1 )ry wriuht. of .stom.s 

1 Dry wciuJit of leaves J] 

j 

► rv of stems 

KiIo.s 1 Kilos 

Kilos 

Kilo.'s 

;cr>s 

:cs2 

] • t.AO 

lou; 

1 C) •():’> 

P3;37 

(vor) j 2’(V)r> 

1 0-85 

1 

2-793 


An examination of the figures in the above table will shoAv that the yield of tobac- 
co leaves by both the. operations (spiking and topping) are almost identical and 
that the. effect of tojiping lias been to increase the yield of stems by about 2b })er 
cent. oA"er spiking, ft thus contirms previous year’s results. 

So far as the rpiality of tobacco in res])ect of texture, colour, (dasticity,. etc., 
is concerned, Mr. A. ('. Acree, Director of the Indian Leaf Tobacco Development 
( ompany, Dalsing Sarai, re^ported the top>ped ones as decidedly superior to the 
spiked ones, hi is report runs as follows " In regard to the four samples of 
Kawnia tobacco my opinion is the tobaccos which have, been topped are the best.’' 
In the first year three samples of tobacco which were tepptjd and the corresponding 
three sam2)les Avhich Avere spiked Avere submitted to a chemical analysis for those 
constituents which arc ccunmonly recognized as affecting the quality of tobacco. 
In the folloAAdiig year 11417-18 all the four samples of spiked and topped tobaccos 
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were examined for tlie same ooiisiiiiients. The analyilcal ligiin^s obtained in 1917- 
18 confirm(*(l tlie previous y(*ar’s r(‘sult whieh j)oints to tbe eoTiclusion tliat the rela- 
tive. effects of (‘itiicr to()ping or sj)il<ing on the ash, potash, chlorine and protein 
contents of tobacco arc*, in no way ap|)reciable, and that to])ped ])lants in majority 
of cases gives a higher nicotine contc‘iit. Tiiese will b(i evident from an examination 
of Table IX giveJi below : 
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A comparative test on the ])iirnin<:f ca])a(‘ities of to])]) 0 (l and s])ik(id samples of 
Kawnia grown in tlie expeririamtal ])l()t were mach* hy Toth's a]>])aratus. The, 
topped sample gave a liigluT combust ion valine (bbO) against tlui s])ilved one with a 
valiKi of 500. When smoked th(‘. topped on(‘S burnt bett(‘r tJian tlie spik(H] ones. 

The result of tin*, comparative', (‘Ih'ct of to])])ing and spiking obtained during two 
successive years' expe'rinuuits theuefore show that : 

(1) The yield of tobacco leave's by both the o])erations top])ing and s])iking 

are alniost identical. 

(2) Top|)ing lias the ('ITect of incre^asing the', outturn of stalk and stem, which 

a])art from its vahui as fiu'l, has a mannrial value too. The stems 
are also use'.d in snulV making. 

(.‘1) Topping has tiu' elh'ct of improving tlu' (piality of a to}>acco and making 
it suitabh' lor cigar and cigan'tlo making, wlnnt'as s])iking ])rodiices 
a tobacco oi a coarse', infe'rior <juality and not. so suitable' for cigar 
or cigare'lt making. 

(I) There*, is hardly any dilTe're'nce', be'twe'e'n te)pp('d and s‘|)ike‘d tobacco, so 
fai* as their ash. judash, eddorine, and ])rotein (*ontents are* concerned. 

(5) d\)p])e,d ])lants in a nia.jori1y of case's give a higher nie'otine content. 

(()) dropping produces tobacco of a bclte'i* burning (jiiality than s])iking. 

If te)pping has the' e'lleed. of im])roving the* epialitv eef a te)bacco to such an e*xtent 
how is it that- tlie* Indian ryots and eailtivators do not ado])t this prae tice ^ The* 
reasons are* obivious. Kiistly, IIk'im' is little or ne* eh'nuuid for such tobae*co in this 
countiy. Oidy a fe'W cigare'tte^ manufacturing com])ani(‘S now (established in India, 
such as the IN'iiinsular Tobacco Company. Alonghyi’. are* the only concerns whi(*h 
aj)preciate and eh'inand such a pioduct. A]'art from tlu'se there* are* \ (‘ry few agencie'S 
in India at ])re*se‘nt who would de'al with such an improve'd j>roduct in the way of 
su-|)])lying other count I'ie'S. The bulk of tobacco grown is consunu'd in tlie country 
by the j)(*oj)le thc'mseK (‘s for clu'w ing ])ur]H»s(' and topjied tobaccos do not as a nde 
a])j)eal to tlu'.ir taste's. Se'condly, the cultivators are unde'r a niisa[)])rehension tliat 
top[)('d toliaccc* will always give a h'sser yie*ld of le*ave*s by weight and so will fetch 
a lesser pricen In fact, if to])])ing is carried on ])ro])e*rly and if on the* ave'rage* four- 
teen h'.aves are*, kept to each plant, topping gives as good a yield as s|)iking. Pitsch* 
from his experiments eomlu(‘te*d at Wage*ningen, to asce'itain the e*ITeet on the size 
and tineme'ss of tin' leaves of to])])ing to ten. twelve and feairteen lea.ve'S ]U‘r ])lant, 
has sliown that the total weiglit of dried le*ave‘s on 10 ])hints, to[)])e'd to te'ii, twelve 
and fourte'en h'ave'S, we're 122-5, 5t)M ami S75-0 grm. resju'et ively. Not only were 
tlie ted-al h*aves wit h foiute'eni leaves tlu* largt'st but tlu'se ])lauts also gave* tlie largest 
yiedd of high grade tobacco, lie furtlu'r noticed that the h'aves were as a rule large'r 
ami thicker whe'U fourtt'e'U leaves remained tliaii when twelve, were left. In the 
])resent experiment I t leaves w^e*re kept to I'ach ])laut wlu'ii to[)[)eel and the size of 


^ Dcid Ldiufcr. /Vr.s-.'-r-, 20 {IStr)), Xo TO. 
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l(*{ivos of ilio T’(*siiltijig ])]iintH wore in no wry iiiIpiiot’ to tlii^ 1cr\('s from spikod 
plants. Tliirdly, tin*, cultivators licre have no idea tliat toi)i)(;d ])la]its give a inucli 
liigluT outturn of stems wJiicli lias got a good nuuiurial \alue as llie lollovving analy- 
sis of two samples of stems indicate. 


— 

■ Aii'-drv t()t)ncC() 

1 .sltMiis, 1917 

1 Air-drv tobac.fo 
stcuis, 19IS 

Oruiiinii! iiitruuon .... 

1 JX‘1' (Tilt. 

Per cent. 


I)-9S 

()*:)< 

INitasli ( KjC )) . . . . • 




In this conn(‘ctiom Davidson.’ from his (‘xaminalion of 1 varieties of tobacco, 
has shown that about om' third of the fertilizing constituents are lost in tobacco 
stems and roots which should be returned to the soil. J.astly strmig tobacco liaving 
a high nicotine content tinds a. good juarkid- in this country ; the ('ulti\'a.tors are 
under a misapjirehensioii that top])ing has the. elTect of always reducing the nico- 
tine content, to a great extent ; this is hardly the case, as the results of the jiresimt 
(‘.\p(‘.rini(int indicat(‘d. 

IV. Ground--cuirlng and Rack'^curing. 

Dround-curing is the ordinary method of curiiig tobacco wliicli is giann’ally 
followed tlirougliont India and is carried out in. tin* following mnnner. 

The plants are cut and allowed to lie on the ground for a couple (d days afler 
which they ar(‘ carriinl to some grassy spot and laid out so as to be exposcal to tin' 
sun during t-ln^ day and to the dew at niglit, lieing turmal daily. Aftt‘r (‘ight or ten 
days of this treatment (‘very third or fourth day. th(‘ *|>lan1s are slacked tog(‘th(‘r 
till tli(‘y bi'CouK* heated, when tinw an* again spr(‘ad out to cool. 

If at this tinu* sidlicient dew doc‘s not fall at night a little wat(‘r is s])rinkl(‘<l over 
tin* h*av(*s at evening-linn*, and this tn‘atm(*nt ])roce(*ds bn* tAV(‘nty (hi}s or more. 
Tin* ])lants are lln*n brougid into cover and stac!.(‘d ; tln‘y an^ turned ev(*ry third 
and iourth day, tln^ to]) going to the bottom and bottom to the to]) and S(_) on. At 
this stage, every can^ is taken to ])revent the tobacco getting ov(‘tiieated. If the 
h*aves show a t(*ndency to dry, the heaps an* covered with ])lai]itaiji h‘av(*s, over 
which is ])lae(id a blanket or gunnies. 

Oround-ciiriiig prodin rs tobacco of a dark brown hue and generally of leaves of 
small (dastieity. Vor cigarettes, this dark brown colour is nnd(*sirablo and tli(i more 
this develops, tlie lower is the value of the product, b'or Indian market, colour is 
of very little importance and no care is ever taken to pi^/duce tobacco of a light 
colour. 


' Virninia /Sta’e Bull. 14, 1892. • 
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Since ground-curing does not produce tobacco of a suitable (piality for cigarett(i 
manufacture and since flue curing in barn does not suit the local conditions prevail- 
ing in this country, the Peninsular Tobacco Company suggested the ])rocess known 
as “ rackcniring ” which consists of the following o])erations. Before the cro}) is 
harvested the steins are split with a knife, almost to the ground, then cut down and 
crop left lying on the held for about three hours. When the ])Iants are a litfle 
wilted they are inverted and slung on bamboo sticks, so that they just touch one 
another side ways. The loadi'd sticks are then hung on bam])oo racks provided 
with a thatched roof made of grass. The tip of tin*, leaves are k(‘pt about a foot 
above the ground, and sullicient space for drying and for free circulation of air is 
maintained betweim the ru\NS of loaded sticks as th(‘.y are placed on the rack. The 
o})j(*ct of the roof is to prot(‘.ct the plants from dew and rain. When the midribs 
of tin'. l('av(‘S are dry the. ])hints are taken down and the leaves stri])pcd off and 
bundled. The advantage's of this method of curing are evident ; tlu're is lesser 
probability of the h'aves being broken and bruised here than is the case with ground- 
curing where tin', crop is handled too often, the drying is also slowc'r and the rapid 
oxidation process in jiresence of moisture, which changes the colour from yellow to 
brown, is avoided by ])rotec(ing the plants from dew. 

Tile o})j('ct underlying the ex])eriment now under review was to make a compara- 
tive study of tlie change's occurring during the ])roce8S of curing by these two 
methods. 

In March P)17, a number of plants from one largi' ]>lot wen' rack-cured and the 
rc'st from the same ])lot wi're ground-cured by the ordinary country method. A 
sanpilo of the rack-cured and oiu' of the ground cured tobaci’os of one and tJ\e same- 
variety and grown in the same field were obtained from the Indian Lc'af Develop- 
ment Pompaiiv, Dalsiiig Sarai. Tliese four sanpiles of tobacco (two ground-cured 
and two rack-curi'd) wi're analysed for their ash, jiotash, chlorine, amido nitrogen 
and nicotine contents. An examination of these sam])les (Tabh' X) showed that 
excepting the nicotine the otiu'r constituents were hardly affected. 


Table X. 


(’nnstitucnts 


Toracco from J)ai..'<ino 
SVRAl 


I’oBACCO FROM Pu.sA PoT 
CcLTCKb: llorsi; 



Kiick-ciin'd 

( Jroinul-iured 

fvaeU-cured 

(irouiul-curod 


Per cent. 

Per ( ( ut. 

Per cent. 

Per cent. 

Nirotine 

22 :^ 

2 Mi.-) 

1 2-79 

:p:>9 

Pure ash 


l(va> 

! 17 (Hi 

19-70 

Potash as KjO .... 

;pi7 

2*82 

3-4(i 

;m7 

Chloride as Cl . 

0-75 

1-90 

0*29 j 

0*36 

Aiuido nitrogen .... 

0-25 

0 32 

0-17 ! 

0‘13 
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The results tabulated in Table X indicate that rack-curing has the effect of reduc- 
ing the nicotine content appreciably. The reduction of nicotine (specially the vola- 
tile nicotine), in the tobacco by rack-curing may also account for the suitability of 
such tobacco for cigarette manufacture. 

Garner ^ has shown that nicotine exists in two forms in tobacco, one of which is 
easily volatile and readily soluble in ixdroleurn ether, while the other is volatile 
only at elevated temperatures and is almost insoluble in pctroleliin ether. He has 
further shown that the undesirable sharpness or pungency contained in the smoke 
of certain types of cigar filler tobacco is due ahnost entirely to the volatile easily 
soluble form of nicotine which a(d.s, as if it were, in the free state. The pungent 
harsh (pmlity of smoke is jiartially but not entirely removed by protracted resweat- 
ing and aging of the tobacco, whereby easily volatile nicotine is largely expelled. 
It would, therefore, appear that during the process of curing on-rack, owing to the 
fr()c circulation of air round the plants and slow drying of the tobacco, a large pro- 
j)ortion of the so-called volatile nicotine, which gives the undesirable shari)ness or 
})ungency to the smoke from certain types of tobacco, is expelled and the quality, 
improved thereby. 

With a view to obtain confirmation of these results and ascertain how much of 
the sugar and starch of tobacco are consumed during the i)roccss of rack-curing and 
ground-curing, estimations were made on tobacco (iured by both these processes 
(luring 1918. For this purpose, two samples of rack-cured and two samples of 
ground-cured tobaccos were ])rcparcd and examined. The results arc set forth in 
Table Xf and show that, as in the previous year, the ash, potash and amido nitro- 
gen weni practically unaffected by any of the two processes, but that the effect of 
rack-curing was to reduce api>reciably the nicotine content. 


Tabue XI. 


(VfiistitiuHits 

Tobacco plot B 

Tobacco tlot D 

Rack- cured 

Gruun'l-cured 

Rack-cured 

Ground-cured 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Kicotine ..... 

4-28 

4*54 

4-84 

5*85 

]*urc ash ..... 

17-08 

17-22 

17-74 

17-17 

Potasli (KjO) 

;mi 

2-97 

2-27 

2*40 

Chlorine (Cl). 


0-22 

0-39 

0-42 

Amido nitropen .... 

0*29() 

0-232 

0*206 

0*248 


^ V* S. Dept, of A(jri. Bureau of Plant Industry ^ Bull. 141, Pt. I. 
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In order to test the elhracy of rack-curing in removing a portion of tlio so-called 
volatile nicotine, sani})les of tobacco latterly cured by the ground and the rack 
processes were extracted with ]jetroh‘iiin ether and ether successively (the petroleum 
ether dissolving the volatile nicotine and the ether the total nicotine), and volatile 
and Fixed nicotine determined in the extract. A brief suniniary of tlic results 
obtained is given in tlie following table. : - - 


Taulk xn. 


(‘oilslitlKMlls 

SAAirLK 1 

Samiu.k 2 

(/! round-cured 

Raek-iured 

(jlruund-eiired 

itaek-eured 


Per cent. 

l*er cent. 

Per cent. 

Per cent. 

Volatile nicotine .... 

1-74 

ir>7 

2-53 

2-27 

Fixed nieotiiio .... 

3-11 

.300 

091 

0-98 


A coin'|)arison of the results obtained (*learly slums that ground-cured tobacco 
gives a Iiigluu- conttuit of volatile Tiicotine than rack-cured ones ; that is to say, 
rack-curing is nion'. (dl'ective than groinulcuring in reducing the volatile nicotine. 

Estimation of tlu^ sugar content of tobacco in fresh sani])les bidore curing and 
in the corresponding cured sam])les indicated that the pro])ortion of reducing sugar 
to the total sugar incrt*ases in botli ilie processes but the amount of total sugar 
consumed by both tln^se ])rocesses of curing is (|uite irregular. 

AVitli regard to the starch, the rack-cured tobaccos sliowed a higher content 
tliaii tliose cured on ground or ii\ other words the destruction of starch was greater 
in case of ground-cured tobaccos than tliose cured on racks as is evident from the 
following table : — 


Table Xlll. 


J)eseri[)tioii of samples 

Fresh sample 

Kaek-cured 

(Iround-eured 

starch 

starch 

starch 

Sainjde P-P ...... 

Per cent. 

•PSl 

i 

Per cent. 

3-73 

Per cent. 

2-23 

Sainjile 1)^-1* 

0*3 t 

3-.“')2 

3-29 
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Studi{?s on tobacco curing ])y these two ];)roccsses have tluis shown tliat— 

(1) Kack-curing pro(luc(‘s tobacco of a bright yellow colour quite suitable 

for cigar(‘tte jiianufacture, while ground-curing produces tobacco 
of dark bro.vn hue. 

(2) Rack -cured tobatco leaves possess greater elasticity than ground-cured 

leaves and hcnc(^ suit L’etier for cigarette making. 

(.*]) Rack-curing has the effect of reducing the nicotine content and specially 
of tlu^ volatile nicotiiu^. and it is this consiitueiit which gives au un- 
desirable shar])iu‘ss or pungency to the smoke. 

(1) Rack-curing j)ro(hices tobacco with a higher starch content than those 
cured on ground. 

Though rack-curing has so many advantages ovim* the grouiul-curing ])rocess, 
the disadvantages attending it are in no way h^ss. Rack-curing entails a good deal 
of ex])ense and supervision as has been pointed by Jloward and Howard^ in the 
following words:— “A considerable amount of labour and expense are involved in 
the errectioii of the curing racks. The curing process is a long one and the crop is 
on the rack for at least six weeks, during whicli it is liable to damag(i by wind, rain 
and hail. Towards the end of the ])rocess, the danger of tire has to be guarded 
against. A good deal of siij)ervisiou is required wlien the cured plants are taken off 
the racks and the leaves are strip])ed and baled.*’ 

The disadvantages attending the ground-curing method to produce a tobacco 
more suitable for cigarette manufacture are chiefly two : firstly, it ])roduces tobacco 
of a dark brown hue, and, secondly, ground-cured tobacco leaves are harsh to the 
feel and possess less elasticity. As regards the latter, if damage to the leaves 
and stalks is avoided as far as possible by carefully handling the crop when spread- 
ing and stacking it and if the tobacco is not dried too fast, it will produce leaves 
possessing good elasticity. 


' Pum Ac/n, Pes. Inst. Bull. r>(). 
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THE HETEKMINATION OE AVAlLAJiLE PIlOSPJfORlO ACID 

OF CAJX’AREOUS SOILS. 


PART I. 

Inapplicability of Dyer’s Method to Highly Calcareous Soils. 

BY 

SURENDRALAL DAS, M.Sc., 

Afisislanl to the Imperial Agricultural Chemist. 


(lU'Coivctl tor ]m])Ucaliou on IHli .luiu‘ 11)20.) 

The value of weak acid solvents has gcuierally been nicognized by all agric\iltural 
chemists as a moans of evaluating the “available’^ potasli and pliosplioric acid in 
soils. The importance of this method of analysis lies in the fact that it affords a 
distinction between tliosi^ jiliospliorous com|)ounds which are fairly easily soluble 
and may therefore be ex[)ected to l)ecome readily availabh^ as phint food, anti tlie 
less soluble compounds whicli are of less value to the nutiition of plants. But it 
is generally conceded that the method is an eiiijiirical one, and its usid’ulness lies 
in the correlation of tlie analytical values obtained with tlui responsii of ordinary 
soils to a manurial treaiimurt based on these values. 

The method had its origin in the conct^ption of the plant root as a special (‘X- 
creting agent capable of liberating acitls wliich attack the soil constituents, and, 
bv dissolving tlieiii, bring tlum into a form to be readily assijuilated by the jjant. 
With this conception in view Dyer* examined the root-sa]) acidity of diiferent 
natural ord(;rs of plants and found it to be on the average O-Ul ])er cent, in terms of 
citric acid, lie, tlnuTiforo, proposed 1 per cent, citric^ acid solution as thi^ standaid 
to be employed for the estimation of available potash and [ihosphoric acid in soils. 
Since then the use of citric acid has btjeii widely accepted for tliis ])urpose, although 
in later years other acids of dilhuxuit strengths have come into use. 

The conception of tlie ])lant root as an excreting and dissolving agent which gave 
rise to the above methods is now generally abaiidom.’d, as no trustworthy evidence 
can b(i obtained tliat any acid otlier than carbon dioxide is excreted, or that any 
action beyond respiration is concermd. llowiiver, tlie giauual piinci[)le under- 
lying them is the extraction of soils witli acids of low coucentralioji, and their value, 
lies in their corixilation with the. results of cropping anil manurial treatnumts. 


^ Tnitis. ('hi'hi. ISVM, 05, 11-j. 
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AVAII/AHI.K l‘IIOSlMI()KI<' A('ll) OF CALCARKOUS SOILS 


The a])plicatioi\ of Dyei ’s iixiUiod of analysis to highly calcareous soils results in 
the neutrjilization of much of the citric acid used, and the values obtained in these 
circumstances have hv.m n^evived with suspicion by many cliemists. Dyer himself, 
in a postscript to liis papeu* (hxj. cit.), r(‘comm(‘nded that in such cases an extra 
amount of citric acici e(juival«‘nt to tlu‘ quantity of calcium carbonate present might 
reasonuldy be, added to the. solution. 

Wood' and Ji(athe.r-, wlaui employing such extra amount of acid, found that 
th(! results obtained were, not borne out by actual farm practice or pot-cultures ; 
but Cousins a»id IIa,mmond*\ from experiimuits on bananas, adduce evidence dia- 
metrically o])|)os(‘.d to their conclusion. Stenius', using e.xtra amount of citric 
acid, found that the basicity lias a (hridedly depressing inlliumca'. on the solvent 
power of citric acid for availabh' Mis Results do not lend support to the con- 

tentions of Cousins and Hammond. 

Hall and Jdynuui'" added to soils 2-10 per cent, calcium carbonate as finely- 
powder(‘d Iceland Spar, and found that the citric acid, as it was neutralized by 
Ca(H);^, <‘xtracted h^ss and less ])hosphoric acid, until with 10 ])e.r C(‘nt. CaCO.p 
which is more, than what is r<H|uired for coin])l(‘l<‘ neutrality, the amount dissolved 
approximated to that dissolved from the soil by carbon dioxide alom*. They held 
that in tin*, light ol more (‘Xt<‘n(h‘d experience it might b(‘, found necessary to adojd 
(lin'enmt limits for soils of dinVnmt types. 

Sen^’, (ollowing a similar line of inv(‘stigation, deiuonstratiHl tliat the addition 
of increasing amounts of OaCO, to jion-calcaivous soils resulted in d(‘creaslng 
amoimts of being <‘xtract(‘d by I p(‘r ctait. citric acid solution, and concluded 
that th(^ imdhod could not be relied uj)on to determim* the limits of fertility of cal- 
car(‘ous soils. 


{'i.uihuly, Ham, SUV l..uml Mint Mm i.ivscnce of ('a('0, in t.icalciiiin iilio.snlmto 
inatcnally M,,. |„.rc, of axtracl...! wlmn Mm. standanl i.mtlio.l 

ol fxlrmtioii with cil.iic acid was applied to the inixlmcs. 

I)avis^ in his sa.dy of Mm calcareous soils of Hihur. lias shown tiiat .soils con- 

ainiii- piactica ly the saiim an ids of lime, may -ive, extraoidinarv diU'eiviices 

"< tim vyiies ol availahle l\X), extraeted |,y IHmr s m.eiliod and that soils with a, 
very hieh proportion oflinm may j;ive miicli hif,d,er values than .soils with a far 
•smaller proportion of Iniie. II,. Mills holds Mm opinion (hat Mm varv I vdim 

f.u t mnninis Mn.t Mie niap.niy Of^^^ caleareoiis soils yiehl mich'mxtrettmly 


^ T>'ans ('ll, „i, ,SV>r., 1S‘M), 2.S7. 

•I .SV/-/V.S’, V„| I V,, 

•' Anfil)/.sf, 28, 2;)0. ’ ' 

^ Aour. l,rh.<^. and Kjujin. Cfiem., Afan h 1 I*)M) 

I rn ns, ( he ni. Soc., 1902, 117-Ul. 

Affr}. Jour. [ndla„ JOiy 

’ A.iri, Sc., V.,1. fx:, \m7, 

• Indigo ruJjiicution My. Puafi, 191 S. 


4, J9()7. 
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low valuer of availablci [)hosp}ioric acid that if any reliance lias to be placed upon 
them, tlu^ action of phosphatic manures on them should b(^ well defined and dis- 
tinctly pOvsitive, wliereas in actual farm practice it is found that their action is 
extreim^ly erratic.. 'Fhe application of superphosphate alone, more often than not, 
yields disappoiiitinjj; nssults, and the best yields are usually obtainc.d in conjunction 
with green-manuring. 

The tnmd of such observations as mv. available, judg(Ml in the light of experience, 
led the writer to thc^ conclusion that with highly calcareous soils there is no definite 
correlation between the available phosjihoric acid determined by Dytir’s method 
and tlu‘. mannrial r(‘.actions obtained, and that the method is of very duliioiis value 
under tlu‘se conditions. This should be obvious from a consideration of the facts 
that tlu‘ com]K)sition of the extracting Ihpiid changes conshhuably in character with 
the proportions of (hCf);. present, and that, as shown by Hall and Amos*, the 
amount of a soil constituent which passes into solution depends not only on its 
natui(‘,, but also on its mass. 

Tin* composition of th(‘, (extract of a. soil wlum tieated with any solvent dejxuids 
u[)on the following factors : 

1. The mass of the mineral constitiumts exposed to the solvamt and their 

solubility uiid(U‘ the conditions of tluj extraciion, and th(‘ nature of 
tln^ solv(mt.. 

2. The elTect of tln^ solvent upon the soil partich‘S [)rot»‘cting or enclosing the 

minerals. 

Idle power of th(‘ soil to fix or adsorb the dissolved substanc(‘s from the 
s()lut ion. 

(\)ns(MjUently, it app<‘ared d(‘siral)le to make a more detailed study of the effect 
of incr(‘a,sing proportions of (^iCO. in a soil on tlu* amounts of the ‘‘available” 
phosphoric acid (hd.(a iniiuxl by Dyer’s method than had been done by Sen (loc. cit). 
The latttu- incrt'astxl the ])n)portions of added bat’O.j by ineren)(‘nts of 5 per cent, 
up to a maximum of 10 percent., but in the present inv(‘stigatiou these increments 
were materially decreased so as to follow the effect more closely u]) to a maximum 
add it On of 20 per cent. 

The soil selected was obtained from Kalia.nj)ur and was found to contain a eon- 
si(Ieral)Ie amount of available P 2 O 5 as determined by Dyer’s method and a very 
small pro])ortion of OafO.^. The physical and chemical characteristic's of tliis soil 
as well as of the Pusa soil employed in this investigation are given in a j)aper publish- 
ed by Harrison and Das-. At the same time Sen’s cxperiitienis of mixing lvalian])iu 
and Pusa soils were repeated, but in this case the available ])otash was not estimated. 

The results obtaiiuai from the applieation of Dyer’s me^tlmd to the several mix- 
tures are given in the following tables. 


* 'rra)h^. Cham. <S’on., 89, 

2 Mem. J)e])t. Aijri.^ Chem. Strir.s^ Vol. \\ No. D, 1021, 210-21 1. 
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Tablk \. 


S/towiv(/ I hr rjjrrf inrmisuu] pmpnflioHs of added to Kalianpur soil on the 

a 'rallahlr frjK, and l\ J) r.rfrarird Inf Difer's method. 
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In (Jio al)nv(M‘X|H*iinH‘nts (!i<‘ Kali:! iijnir soil w.ms u ilh fairo oontain- 

no JUid fin* comparisons arc thinadorc (‘asy (<> did-crniiiK'.. Jn tJio (’aso of 

(.lie (‘XjK'rinicnts where Hie Kalianpiir soil was mixed ^\iHl Tiisa soil, tlie amount of 
(‘\l rael(‘d from tin' mi\<nr(‘s Ix'comes a. pro])ortl(m of tlie. two soils and the 
e()m|iarisons ar(‘. not. so ('asy to delcmmine. ddie r(‘snlts obtaijunl ar(* given in the 
following t.al)l(‘. 


TaiujoII. 


Sfanvinfj the effeef of ive/rashtf/ pmjwflions of Pnsa f«nl added to Kalianpnr soil on 
(he aeailidde PJ)r^ rjtraeled Inf Difi'r's method. 
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Diagram I. 

Shmvivg the cvrves produced hy flat ting jicr cent. CaCO.y ])resenl as such or in the 
form of Pusa soil in the mixtures against f.cr cent Pfi^^ extracted. 



Per cent. CaCOg present in mixture. 

The curves very clearly show the similarity of the results obtained when the 
OaCOj is added as such or in the form of Pusa soil. It is evident that tlie main 
determining factor is the amount of CaC 03 present, but the continuity of elTect is 
not apparent. 

It is found that there is a rapid falling off in the amount of PoOr, extracted 
until there is between 7 and 8 per cent CaCJO^ present, a])ove which value tlu^ 
reduction becomes less pronounced. 



. P.,0, 
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action of ('aCO;j with a (jitric acid solution of definite voluiiai and ^trcn^^tli show the 
following changes 

1. A strongly acid solution. 

2. A series of solutions of de.caeasiug acidity with iiUTeasing ainoiints of CO,y 

and saturated with respect to caleiuin citrate, up to about 7 ])er cent. 

CaCO^, marking the point at which the citric acid is completely neutra- 
lized. 

3. A saturated solution of calcium citrate with decreasing amounts of free 

COo and increasing ])ro])ortion of calcium bicarbonate, from about 

7-12 ])er cent. (Vi('0;j. 

4. A satura.ted solution of calcium citrate with increasing concentration of 

(calcium bicarbonate, from about hi-H) per c(‘nt. (h(4).j. 

5. A solution of approximately constant composition with ri‘sp(‘ct to calcium 

cil.rate and bicarbonate, from 10-25 per cent. (.Vi(4).j or upwards. 

It will be shown hi the setpu'l that the extraedion of the Kalianpur soil with 
solvents a]>[>roximating in comjmsition to the phases mentioned above yields n^sults 
L'ommensurate with those obtaiiu^d from the corr(‘spon(ling soil mixtures. Fortius 
present, howeviu*, it may be taken that the application of the Dy(U‘'s method for the 
‘stimatifui of available ])]ios|)lioric acid in calcanaiiis soils is, in effect, an extraction 
^vitli a siu'ies of dissimilar solutions, the composition of whicli depcaids mainly upon 
flu*, amount of (Vi(4).j present. 

When the composition of tiiese solutions is carefully ('onsidered in detail, it is 
evident that two main ])hases are concerned : 

(i) A phase of decreasing acidity with an approximaf ely consfant (Ai-iou 

con('<'n<.rati(Ui ; and 

(ii) A ])hase of a stoics of solutions wdtli an increasing (h ion coricentiation. 

It would S(H‘.m proi)ab]e, tluMvfore, that by ploUmg tJie logarithm of tlie per- 
centage (d Cat 4)-^ agednst tlie logarithm of milligrams detiniti^ curves 

would be produced. That this is the case is shown in t he following diagram. 

The graph, which consists of two dist,in<*t. pa its, clearly slows tliat tin*, (‘xtraction 
of the 1*20.5 is not atfected by a uniform s(‘t of f.ndors, lait that om^ s(‘t of factors 
o[)eTaUi up to the point when t he ])e.rcentage. of ( a('0 > re.aclu\s liiitween d and 7 
per cent., and above this point a ditferent s(‘t of factors aHVet the extaai tion. The 
variations of individual determinations from tlie straight liiu' curve ma\' also be 
considered to be due to the minor changes ot composit ion in the si'vera! solutions. 

From this it follows that in the case of mixtures of Kalianpur soil witli 
the changes are approximately governed by tin*, mathematical relation 

log P a-'b log (', 

wliere 1* ing. I *305 extracted, 

(V per eiMit. (h('()., ])resent, and 
a and b are eonstants. 
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J)lAGRAM III. 

Showing the curves froducal by plotting log j cr cent. CaCO.;^ against log mg 



In iho jirst stage \]\o. valiios for a and h an* 2*578 and 0*1008, and for the second 
stage 8* 155 and 2*207 respectiva^ly. Tlie variations l)(‘iween tlie experimental and the 
e.'ileuhi,t(‘d valiK's an* shown in t he following talde. 


Table 111. 

Showing the ealeiilafed and the experimental values of extracted from irririme^ 
of KaUanpur soil with CaCO^. 
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The niathoniatic^l relation given above is capable of being expressofl as iollows : 

or 

b 

P.C-A. 

This resembles the well-known Poisson’s eqmation for tlie adiabatic ox])ansion 
if gases. The curve produced on ])lotting P against Jis sliown in Diagram I 
onforms approximately to this equation. 

In the case of mixtuies of Kalianpur and Pusa soils a relationship of this type 
not apparent, but it sliould be borne in mind that the latter soil itself contains 
n appreciable amount of P2O5, which is extractable by solution containing fris‘ 
itric acid. Therefore, the experimental results are subject to the effect of factors 
/hich do not operate in the case of mixtures of Kalianpur soil with 
'levcrtheless, it is evident that the main determiniiig factor in both cjises is the 
)roportion of CaCO.^ ])res(:nt. This is also confirined when the per cent, of extracd- 
ble P2D5 extracted from both kinds ot mixtures is plotted against the values of [)er 
ent. CaC()3 })resent as such or in the form of Pusa soil, from Tables I and 11 :es[)ec- 
ively. The following diagram demonstrates this. 

Diagram IV. 

Shmving the curves jjroduced by ploUimj per cent. CaCO ^ present agninsf per eoiL of 
extraelahle actually extraeJed. 


30 

CO 

p 

O 

■4^ 

Pi 

o 

s fo 


O to 20 30 -fo 50 eo 70 eo 90 

Per cent, of extractable PoOj extiactijd. 

That adsorption does not control the phenomena is dcunonstrated by the fact 
hat the amount of PgO.^ extracted varies according to the time of extraetiem, all 
)thor things being equal. 1 he results are shown in the following tablfv 
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Tablk IV. 


Shointuj life < IjrrI oj flntr the i\il rad ion of hfj IJffnr'j^i tndJiod, 
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When the values for KgO are earefully examined, it is evident tliat there is a 
gradual reduetion in the amount extracted with the decreasing acidity of the solvent 
during the first stage uj) to about 7 ])er cent. CaCOg ])reseiit, marking the point at 
which all the citric acid used is c()m])letcly neutralized and afterwards the amount 
of K 2 O extracted is practically constant with the almost neutral cha,ract(*r of 
solvent produced. 

ConstMpiently, the presence ol larger ])roportions of than 7 percent, has a 

much smaller effect on the K^O values than is the ease with and tJie validity 

of Dyer’s method a])])lied to calcareous soils is not maDnially afT(‘(*ted in its rcdat.ion 
to available KoO beyond the stage of 7 ])er cent. ( h( ])resent. 

Finally, the following table shows that the ext raction of tln^ Kalianjuir soil with 
solvents approximating in com])osition to those ])rodue<‘d with varving pr{)port.ions 
of Fa(/ 0 j 3 yields comj^arabh' values. 


Tarlk V. 


Showing (hv (onoHUls of Pfir, ((nd KjO cxlnwlcd fnou Kolia nj)ur soil niilh sol rails 
rorrrsfiondin(f lo ihr yliasrs jirodacid irilh rarifiiig pro port iohs of C<t(1().^. 
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/Urtllifl 

1 Tr r ('( III . 
available 
ICO, 

Pit (•(“nl . 
a \ alia lilr 

K.,0 

snhilinn of (atcinin citiaO' 1 CO., 

e-eoivu 

eiMriu 

u-u;uia 

U-Ul \'J 
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Hence, the C(>nelusion emerges that t}nia|)plieat.ion of J)ver’s juethod to calear<‘()iis 
sods results in the employmmit of solvents varying in composition accord iiig to the 
amount of CaCO^ l)resent. 

Further, an extraction was made of the Fusa soil with I pei cent, citric, 
acid solution aftiT muitralizing the present witli (^xt.ra a.mounts'of citric acid 

as was suggested by Dyer in tln^ p(^stscrij)t of his paper (lo(^ cit..). 

As 7-15 grni. of (Vi(H_)« are neutralized by H) gnu. of citric acid according t(» thr, 
<‘<juation - 
(^iHg. coojr 

2 (\. (OH). COOH, H2O -I CaCO., - .(’a,,, 1 1 1 , 0 +:i(^(X,+ lh ,0 

CH 2 .COOH 3x100 7500 

2v2to.-_.420 

Citric acid. Calcium carbonate Calcium citrate. 
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'riic; )V 2*57 f'l in. of C11CO3 present in 100 grin, of Piisa soil taken for the experiment 
will re(piir(‘. 15-0 grin, of citric acid for coinjilete neutralization, and consequently, 
wliil (5 making the extraction, this amount of citric acid was dissolved in a litre of 
I ])er cent, citric acid solution. No allowance was, however, made for other basic 
'iui)stanc(‘s, such as, Fe, Al, Mg, etc., present which might consume some of the 
citric; acid for th(;ir solution. The results are shown in the following table and com' 
pared with those obtained with 1 per cent, citric acid solution alone. 

Table VI. 


SItowiiKj ihr amnunlH of PJJr^ and Kf) cxiruded from Pu.sa soil bf/ the original and the 

modijicd nu thod of Dgvr. 


»Snlvi‘llt U.S(‘(l 

Per cent. P;,0,.5 extracted 

Per cent. K^O extracted 

1 per ( (‘lit. citric acid .soliiiion alone, (ore// //r/Z 
'nielluxl). 

oooo:{ 

00100 

1 p<T citric acid solution 1 suflicicnl 

citric acid to iK'utralizc (^iCOy present 
{uKxliJir.'l mcUio(l). 

00 lot 

00185 


'rin; valu(‘ oF P 2 O 5 obtained with extra amount of citric acid as suggested by Dyer 
(lo(;. cit.) lor (;alcarcous soils, although considerably higher than Dyer’s limiting 
liguri; of 0 ()l per cent. ^ 205 , does nob agree with the known manurial reactions of 
tin; Tusa. soil and such other (;al(;areous soils of Bihar, ilence, Dyer’s contention 
bre^aks down in such cases as a discriminating agent. 

Incidi'iitally, it may be mentioned that Leather jiublished the results of similar 
e,\j)eriments a b'W years ago (loc. cit.) wdth a Pmsa soil containing ])er cent. 

('a(T);j. Ills iigiires for |)otash and phosphoric acid are unexjieetedly lower than 
those. I have obtained under similar exp<*rimental conditions. This is obviously 
due to tln^ fact that he took lU grm. of citric acid as being equivalent to 1 1*80 grm. 
of (hhO.^ instead of the correct amount of 7*15 g:m. (sec p. 10 of Leather’s [)aper). 

kSummary and Cun(;lusi()NS. 

1 . Dy(‘r’s method breaks down as a means of estimating available phosphoric 
a(‘id in calcar(‘ous soils. The application of 1 per cent, citric acid solvent in such 
cases is, in elh'ct, an extraction with a series of dissimilar solutions, the composition 
of w hich depends mainly ujK)n the ( aCO;, content of the ^Joils. 

2 . In the case of available potash Dyer’s method is at least unsuitable for those 
soils wliose (hhO , content ranges from 1 — 7 per cent., beyond which, however, 
the extraction of potash is not materially ailected by the presence of CaC 03 . 
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3. The suggestion made by Dyer for the use of an extra amount of citric acid to 
neutralize the (JaCO^ j)resent in calcareous soils in addition to the usual I ])er cent. 
L'itric acid solution, produces results which are not correlated with the known manurial 
reactions of such soils. 

4. This being the case, the values obtained by Dyer’s method in the case of 
’.alcareous soils of varying CaCOj content cannot be correlatcxl with one another, and 
far less so with iion-calcarcous soils. (Jonsecjuently, the method must be looked 
upon with susiueion, until a rigorous correlation of tlie analytical data with definite 
nianurial reactions of the .soils under examination can be obtained. 




PART 11. 

Extraction of Ph3sphoric Acid of Calcareous Soils with Salt Solutionsi. 

In l^art I it has been denionstratod that tlie })resenco of CaCO^ interferes (consider- 
ably with the estiniati(jn of available plant food in calrareoiis soils by Dyer's method 
(loc. cit.), and consequently rcmders the application of i peer ccuit. citric acid solvent 
insuch cases of dubious value. This being the (case, the emphjynient of such a solvoit 
as is not appreciably affected by the presence of CafJO.^ is r(cndere(l necessary in order 
to secure a reliable indication (jf the fertility of these soils in relatioJi to available 
plant food. 

Most investigators who have proposed methods of determining available plant 
food in soils have em])loyed an acid of w(iak concentration as tlie S(jlvent. For 
example, dilute IfCl, HNO.j and COO 11 of indelijiite strength were pro]Kjsed 

in the earliest papers on this subject by Cicebig,* Deheraiii,^ Vogel,'* and Dugast'^. 
I per cent, citric acid s(jlution was proposed by Tolhins*’*, Olle(‘h®, Stutz(cr,’ Tliomson ® 
and J)y(n‘**, wliercas Kggertz and Nilson*^, and Wikliind*^ used '2 per C(mt. llCl, Cc., 
of about N/ 1*82 strength. The Ameihcaii Association of Ollicial Agri(cultural (diemists 
])r(3fers the use of lifthuiormal JfCl (jr IlXO-j for this purpose, wlLor(cas Moor(d^ 
proposed N/200 11(1, iMaxwdl'-* I per cent aspartic acid, KSchloesing, Jun.*^ dilute 
HNO3 of various strengths, and Kmmcrling^^ 1 ]>er cent, oxalic acid. On the other 
hand, iAfitscherlicii*®, Schloi^sing,^^ and OarlaclP® thought tliat tlie juitural solvent 
of any theoix^tical intera^st is that of carbon dioxide only, wliiich is (ixereted in the 
]jroc(^ss of r(3spiratioii by jilaiits, and therefore projiosod an aqueous sidution of COg 
as the solvent for estimating available jilant food in soils. 

A very few work(^Ts, liowever, Jiave us(3d alkaline or neutral salt solutions. For 
instance, retcrmanii*^ employed ammoiiiacal solution of ammonium citrate, Jlolf- 
meister^*^^ ammoiiiacal soluti(jn of humu; acid, Diigast-^ solutions of ammonium 


^ Zeit. <1. Luudic. Vir., 1872. 

2 Ann. Agroiu 6, im imi ; ibid., 17, iArtA.'A. 

^ Hied. Ccidr., 1882, 8r)2. 

* Ann. A{jr<jn, 9, 470-478. 

Bcr. d. dcutsch. Cham. Uesdl., 1880, 13, 1207. 

® Journ. f. Landw., 1SS2, 30, 510. 

’ Chem. hid., 1884, 7, 37. 

^ Ibid., 1885. 

" Trans. Chem. 1891, 65, 115-1(>7; and also Thil. I'rans,, lOOl, 194B. 2:5.7 2!I0. 
Hied. (Jentr., 1880, 0()1-0(i8. 

Landw. Jahrb., 1802, 20, 000-028. 

12 Journ. Auur. Chem. Hoe., 1012, 701. 

Ibid., 1800, 21, 4-J5. 

Compt. rend., 1800, 128, 1001. 

^^Bkd. Centr., 1000, 29, 75. 

1® Landw. Jahrb., 1907, 36, 300-300. 

Conipl. rend., lOOU, 131, 140. 

1® Landw. Versuehs. Slat., 1890, 46, 201. 

1® Rtvlie.rches der chimie el Pht^siolotjle, 1808, 3, 50. 

2® Landw, Versuehs. Sint., 1808, 60, .30.‘{. 

21 Ann. Atjron., 1884, 9, 470-478. 
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oxalate, uiiniioiiium citrate, and also water, and Lecharticri 2 per cent, ammonium 
oxalate. 

It Jias l)e(‘ji generally re(*o^iiize(l tliat some solvent weaker tlian strong mineral 
avid should h(» enij>loy(‘d in the analysis of soils in order to obtain an indication 
o! th(^ jiroportlon of availalih; mineral ])lant food. Most of tiie suggestions made, 
]ioW(*\(‘r, ]iav(* l)(M‘n iirbitrary in the sen.se of not having any dednite basis beyond 
the reeogni/a‘d msMvssily that the, solvent should be a weak one. 

It is obvious that tin; (unployment of ordinary acids will bring about a reaction 
with thf^ ealeiiim rau-bonate ])res(‘nt in (calcareous soils and intrcjduce calcium-i(jn8 
in the (extracting rujuid, whicdi will tend to (h^jurss tine concentration of 
in tine solution. 

'This lj(‘ing IIk; (*as(e, it a|)|)(xir(*d (besirable to make a study of the action of various 
salt solutions on the solubilitv of the phosphates (j1 cahareous soils in order to find 
one whicli is not alli'ctisl by var\ing a, mounts of ( a('().^. In this connection the 
stdidy must also (‘xtciid to th(‘ diseovany of a solvent whi(‘h is capable of dissolving 
such (piant.it i(‘S of lk,t ) pus will n«»t.giv(‘ rise ton lani pula tive and analytical diliieulties. 

'riu‘ sanii^ Kaliaiipiir and l^nsa soils as were used in Part 1 \V(*re also employed 
for this inv(‘st.iga ti(tii. 

Tliosi* salt sohil.ions wer*' eho.seti which jirobably would not be appreciably 
a(f(‘< i(‘,d by t in; pr(‘se!iee of 

Mr! hod of cx 001(1 s. ItH) grm. of \arions soil mi.xtnres wit h or Pusa 

soil wor(cshak(‘n w itli a li|,r(‘ of th(‘ solvent for 2 I honrsasin theeas(‘ of Dyer's metlnxl 
in a nus'hanical slui'kiM* in «‘nd-o\'er (uid rotations in a, room whieb was not subjected 
to sudden clianges of t(‘m])(‘iattii('. ,\fter separating the e.xtract by suction, the 
(lis.sol\’(‘(l l\.();pvas determined in tluHisiia 1 way by the molybdate ammonium method. 
In SOUK* (•as(‘s t lie. dissoh ed K.,0 was de.t.erminiMl bv the plat inie chloride nu^thod. 

1. hk\ru.\(Ti(.)N wrrn I ckr (’knt. xkutral ammonium uitkatk souutio.n (N/8 

STRUNG T1 1 ). 

Taulu 1. 


I^hointii/ Ihr rxlrorlitm ([f from K((li((n /for v ithl par canL mnitral ammonium 
(if ml a Sid olooi ond Ihr rjii r/ oj ( \i( Y>., ns such or m lha form of Pusa soil on it. 




rj). 

I’KK 100 

(Ju.M. K .() VE\i 100 


( iriii. 

GitM. .MlXiUJlK 

GHM. .MIXTUKK 

( 5nn. KMliiiMjiiir ^nil t.j ken 

( ’ i( ( ) 











.uiOi'd 

.F'Miml 

< ’alculati (1 

Uouiid 

(.'alcidaUcd 


A. — koli'iithiir •foil \-fJaCOu 



luu 

nil 

u-04r»a 


(j-o;i,7a 



a:) ... 

.7 

0-0077 

0 oi:ii) 

oo:i(i:{ 

OO.Ml 

an 

to 

0 ou.7a 

o-uii;{ 

o-o:j:i 2 

0032a 

sr* 

1.7 

U 0(7.71 

0 o;> 

os):i20 

0020.7 

so . ... 

L‘0 

0 0(M 1 

o-o;o,7 

' o():io:j 

0()287 

To, 


0 noti 

o-o:U4 

o- 02 s;i 

00209 

70 . 

;i0 

OOO.dS 

O-O.TJl 

O-O2()0 

002.71 


‘ ' 'o;H Jfl. / t 

to! , I8S4, 98, I0o8-ium. 
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Table T — concU. 




I (fUM. IV>()5 PEH 100 

GbM. KgO PER 100 


Qrm. 

GRM. mixtubk 

GKM. mixture 

Grm. K.ilinnpnr soil takon 

Piisa soil 









addod 

Found 

( 'alciilatorl 

Found 

Oalouliitc'd 


B. Ktt/ianfiur .soil ! Pn.su .soil 


100 

nil 

0 04. *9 


00:1.79 


or. 

a 

00048 

004:10 

00:ir>(> 

o-o:U‘> 

90 

10 

o-oo:i7 

004 10 

0-0:1:10 

o-o:33s 

8.1 

l.“. 

0()032 

0 0:191 

o-o:ios 

0 0;i27 

80 

20 

000:17 

00:109 

0-0:100 

oo:iJ7 

7r> 

•>r> 

000:1.7 

oo:i40 

0-030:1 

o-o;ioo 

70 

no 

0002:1 

0 0324 

0 0294 

0029.7 

nil ..... 

100 

000080 

0-00080 

001-107 

0 01407 


The extracts ()l)tained were all brown in appearance, showing that ai) appreciable 
amount of ori^anic matter was dissolved out. It is obvious that the presence of 
Ca(T)3 l^orm has depressed the solubility of the soil ])hosphates. Similai 

results were obtained by Harrison and l)as^, who found that added to a 

saturated solution of dicalcic pliosphate in J ])er cent, neutral ammonium citrate 
rendered insoluble some of the from the solution under similar conditimis. 
Further, it is evident that the effect of adding Pusa soil to the mixture on the extrac- 
tion of 1*205 i^^ much more depressing than pure. In the case of the extraction 

with an acid solvent such as the 1 per cent, citric acid solution the effect was just 
the ^reverse. Here, in the case of mixtures with Fusa soil evidently other factors 
come into [day which do not o])erate in the case of the mixtures of Kalis njuir soil 
with CaCOg and which bring about a greater reduction in the amount of PgOs content. 
On the other hand, the effect on the KgO extracted from the several mixtures is 
comparatively small, and conse([uentlv its estimation was not undertaken in the 
experiments which follow. 


Mem* Dept, Agri,, India, Chem, Series, Vol. V, 1921, 203 
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II. Extk.vction with a satok.ated solution of calcium citrate. 


Taule II. 


Show inf) the c.iinwlion. of from Kalian jtwr .soil icilh a .saturalcd .solution of 
lalriwm (it rale ajid llw i-Jfiwi of (’a('<>^ a.s .suck or in the form of Pma .soil on it. 



(Otn. (,'a('();, 
add<'U 

(JnM. PJCn 100 OHM. MIXTUHE 

(Jitii. Kalianpiir boij talo n 

Found 

Cali'iilatcd 



A. Kalian ftur ftotl | 


JOO 1 

1 nd 

0(»oo:i2 


05 

;> 

0(10027 

0'000:i0 

00 

10 

0(H)025 

0 00020 

S5 

1.-) 

OOOOSO 

0(.H)027 

80 

20 

0()002(> 

00002() 

75 

2.1 

OCKKllO 

000024 

70 

:{0 

0 00017 

0.00022 


H. K alia npvr soil j I'nsa soil 



(inn. Pu.sa 




buil added 



JOO 

nil 

000032 


05 

5 

00003.3 

0-00032 

tJO 

10 

000030 

0-00032 

SO 

20 

000025 

0-00031 

70 

30 

000019 

0-00031 

00 

40 

0.00017 

0-00030 

niJ 

JOO 

0-00028 

0-0002S 


All the extracts were colourless, shoA>ing the absence of organic matter from the 
solution. The ellect of either (^aCO^ as such or in the form of Pusa soil on the extrac- 
tion of PoOg appe^irs much less than in the case of I per cent, neutral ammonium 
citrate solution. It is to l>e noted, however, that the amount of PgOg extracted from 
every soil mi.xture is so small as to give rise to great manijnilative difficulties in 
its estimation by the standard ammonium molybdate ojethod, and, therefore, likely 
to introduce large experimental errors. Coiiseqmmtly, it '’'ould not be desirable to 
draw any conclusion from siudi data unless a more reliable method for the estimation 
of in minute quantities is available. 







SUREJ^DRALAL DAS 


87 


111. Ex^rRACTION WITH A SATURATED SOLUTION OF UALUIUM OITRATK AND 

UALIUUM BK'ARBONATK. 

Table 111. 


i>}ioiv'ing Ihe exiraelioa oj P20^fron} Kulianpur soil with a satumtcd solutuui of calcium 
citrate and calcium, bicarbonate and the effect of (^aCO.^ as such or in the form of 

Pusa> soil on if. 


(inn. Kalianpiir soil taken 



(iUM. P^();,l*KU lOOOKM. MlXTtTKE 

KoiitkI I Calculated 


A. Kalian'pur soil | (\iCO^ 


wo 

nil 

0*00122 

or) 


o*otK>:io 

oo 

10 

()*00o:io 

S5 ....... 

1.) 

0*00028 

SO 

20 

0*00024 

75 

25 

0 (>0020 

70 : 

;io 1 

f 000024 


0001 1« 
000 110 
0*00104 
0(KK)98 
0*00092 
^-OOOSC 


B. n fiur s<kI ; Paso soil 

(inn. Pusa 
soli adfled 


100 

nil 

0 00122 

— 

95 

5 

0*(K)05(i 

0 00118 

90 

10 

0 00045 

0*00114 

80 

20 

o*ooo:u 

0*(H)107 

70 

:jo 

0*00024 

0*00099 

60 

40 

0*00019 

0*00092 

nil ...... 

ioo 

0*00046 

0*00046 


All the extracts were colourless, showing the absence of organic inatter from the 
solution. It is evident that tht^ preseiu-e of both (/aCO.j and Pusa soil has depiessed 
the solubility of the soil ])hosphates, but the etfe.ct of Pirsa soil is more y)ron(H need 
than that of CaCO-j as shown in the ease of 1 per cent, neutral aminonium citrate 
solution. 
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IV. KxTRAOTI(>N with I PER CENT. Na.^SO^ SOLUTION (ABOUT N/7 dTRENOTH). 

Table JV. 


ShowitKf r:rtrac(io)i of from Kalianj)nr soil with / per cent . solution 

and the ejfrct of CaCO^ on it. 


Unn. KaUan|)iii .soil taU«‘n 

(trm. (Ja(X)a 
a(J<I(‘(l 

(liivi. R.O, iMjii 100 

GH.M. .MIX'IURK 

Found 

Calculated 

100 

nil 

0()014 1 


9r> 


00012 1 

0-00 1 :u 

00 

10 

0 001 1 1 

0-00120 

80 


oooos ! 

0-00 1 10 

80 


0-0007 

0-0010.7 

7r) 


0-0000 

0-00 ior» 


As tJio extraction of Pusa soil witli I per cent. Na5,S()4 solution gave only ()*()0()‘32 
per cent. the study of its actioi was not considered necessary. 

All th(i extracts were colourless. The amount of P2O5 extracted in some of the 
mixtures is so small as to have no practical value. The addition of CaCO.^ has, 
liowev<‘r, interfered with the (extraction of a ccTtain extent. 

V. Extraction with I per. cent. (NH4).^ 804 soluti(.)N (about N/7 strength). 

When tin*. (Nil |)j,S()4‘ solution, which gives acid reaction owing to hydrolysis, 
is shaken with (Ja(H.).^, the r(\sidtant solution is alkaline to litmus owing probably t(i^ 
the production of (NllJ.j PO.j according to the following e(j[uation 

(Nll\).,sb^+(^i(H)3..-Ca8()4+(Nir4)2^^ 

'Phi^ experimental results of the extraction of given in the following table. 

Table V. 


S/unrinp the e,rfracfi(U} of PJ)^ from Kalianpur soil with I per cent. {NHf)^,SO^ 
sohflton and the effect of (^a(H)^ on it. 


( JiMi. Kali:in|»iir Iak<*ii 

(Jrm. (-aCO^ 
added 

(JiUU. l*Kll 100 (JKM. MIXTURE 

Found 

(';il(udal<Ml 

KH) .... . . 

nil 

0-0015 


0.7 

r> 

0-0000 

0-00142 

00 

10 

00008 

0 - 001:15 

S.7 

15 

0-0000 

0-00128 

SO 

20 

0-0004 

000120 

7 .7 

i 25 

O-OOOG 

0001 1:1 
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Tlie extracts were all colourless and slightly alkaline in reaction. The ellcct of 
CafJOj on the amount of P 2 O 5 extracted is very pronounced. 

VI. Extraction with 1 per cent. (NH^-^COj solution (about N/5 strength). 

Table VI. 


Showiuy Ihc exlraclion of PJD^JmmKalmnpur soil with I per ci iil. soluliou 

and the effect of GaGO^ as such or in the form of Pusa soil on it. 


(a nil. Kaliiinpiir soil taken 

(.Aim. C'iiCJOa 
addl'd 

UjIM. TElt lUO OICM. MIXTITJIE 

Found Oalcnlali'd 

A. Knlianiiiir soil 1 


ICC 

nil 

OOO.'W 





ooo:)0 

OOO.'IOI 

IM) 

10 

ooor>7 

0 002SS 

S.) 

l/'i 

OOU013 

0.00272 

SI) ... 

20 

ooo(i:{ 

ooo2r)0 

7r» ; . 

25 

U00t)4 

()'()02‘i0 


15. KfOiituintr soil f Vusa soil 


(_Jrm. Pusa 
soil added 


100 

nil 

0’00:i2 ! ■ - 


5 

0()o:.ir> ; 0()o;50S 

00 

10 

o()o;j.5 000201) 

so 

20 

000;J2 0UO273 

70 

:{0 

0-0021) 000249 

00 

10 

0002() 0-00221) 


100 

0000S4 0 000S4 


Tiic extraf'ts wctij all hrovviiisli, sliowing tJio pmseiice ol a coiisideralilo aiiiDunti 
li liuinus in tlic^ solution. As tin) humus contains an appreciable jirojiortion of 
he results obtained are very interesting. The ]>resence of CaCO.^ here does not 
educe the amount of F2O5 extracted as in the jnevious cases. On the other hand, 
iut bemg affected by the (NH 4)3003 solution it becomes an inert substance directly 
ucreasing the ratio of the solvent to the soil. Thus, with increasing amounts CaCOjj 
u the soil mixtures, the solvent extracts more and more humus and (jonsequentiy 
ucreasing proportions of h.^Os, which is made evident from the results obtained. 

On the otlier hand, the jiresence of Pusa soil does not appear to alfcct the extrac- 
>ion of PgOg appreciably, as it consists not only of (Ai(J03 as in the former case, but 
ilso other constituents of soil which arc evidently acted on by the (Nll4)3C03 solvent. 
The latter, being alkaline in reaction, is capable of extracting luiniusfrom Pusa soil 
IS will be shown later on and it is well known that liumus retains P2O5 with it. For 

D 
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the present, however, it may be taken that all these phenomena play an important 
role on the results obtained and do not exert a depressing influence on the amount 
of I’gOs extracted. Thus, Tusa soil present in these soil mixtures being itself acted 
upon by the solvent employed cannot contribute towards incremental extraction of 
humus and 1 ^ 2^5 the presence of pure CaCOg did in the case of its mixtures with 
Kalian pur soil. 

Jjastly, a few cx])eriments were carried out in order to determine the amount of 
Iniimis extracted from the soils used in this investigation, and also the proportion 
of ^ 2(15 present in the same. 

Ten or twenty grammes of each soil were treated directly with 500 c.c. of 4 per 
cent, ammonia solution in the cold and allowed to stand overnight. Then in an 
ali(|uot ])ortion of tlie supernatant liquid humus was determined and in another 
portion estimated in the usual manner. The results are shown in the following 
table. 


Table VII. 


S/iowivff the amoanls oj humus and fnm/us vxiraclcd from Kalianpiir and 

Pusa soils with d per cent, ammonia solution. 


Sul).slaiKu; 

IVr l i nt. 

Ku tails 

(jinn. in 

|)or coni-, 
humus 

Per cent. PaO^ 
in humus 

Kalianpui' .soil . ..... 

o-2;j 

00115 

500 

I’UKa Hoil ...... 

o;}8 

0 0022 

0-58 


Pusa soil contains 05 per cent, more liumus tliaii Kalianpur soil, but the humus 
of the latter is about times richer in content than that of the former. 

Tims, although the presence of ( kOOg does not directly interfere with the extrac- 
tion of PgOg l)y 1 ])er cent. solution, it indirectly affects the extraction of 

PgOg favourably as shown above. A similar effect, however, cannot be expe(?ted 
from the mixture with Pusa soil which takes |)art in the reaction involved, and this 
has been found to be tin; case as shown in Table Vf (B) above. 

In (amclusion, it is believed that some alkaline solvent, while extracting ap])re- 
ciable amounts of BgOs and at the same time not being a])preciably affected by the 
presence of will be found suitable for the estimation of available P.^Og in 

calcareous soils. This investigation will bo dealt with in Part 111 of this Memoir. 

Summary. 

With a view to find out a suitable solvent for the estimation of available phos- 
phoric acid in calcareous soils, several salt solutions, such as, 1 per cent, neutral 










SUBENDHALAL BAS 


91 


ammonium citrate, saturated solution of calcium citrate, saturated solution of calcium 
citrate and calcium bicarbonate together, I per cent. NagSO^, I per cent. (Nlf4)2S04 
and 1 per cent. (NH4)2C03 solutions were employed in the extraction of a non-cal- 
careous Kalianpur soil mixed with varying proportions of CaCO.^ and tlie calcareous 
Piisa soil. It was found that in most cases the i)resence of CaCOg in any form 
reduced the amount of r205 extracted. An exce])tion was noticed in the case of 
1 per cent. (^114)2003 solution when the effect of the CaCOa was an indirect one in 
that its increasing proportion in the soil mixtures increased the proportion of the 
solvent to the soil, and, consequently, the solvent, which is alkaline in reaction, 
extracted more and more humus and increasing amounts of F2O6 soil 

mixtures. 

It was thought probable that some alkaline solvent, while extracting a])preciable 
amounts of P2O6J would be found suitable for the estimation of available P2O5 in 
calcareous soils, as increasing proportions of CaCOa did not lead to a reduction in the 
amount of P2O5 extracted. 




PART III. 

Potassium Carbonate Method for Estimation of Available Phosphoric Acid 

of Highly Calcareous Soils. 

Tt has been doinonstrated in th(‘. earlier })ortioiis of tliis Meinoir that tlie einploy- 
II lent of acid solveiits is inai)])licable to the estimation of available phosphoric acid 
in calcareous soils and that calcium carbonate exerts a depressing influence on 
extraction by solutions of a number of »salts. The investigations, however, indica- 
ted the possibility that some alkaline solvent would extract ayipreciable amounts of 
[ihosphoric acid which ])robably would be found of value in giving some criterion 
for the difTc-rcJitiation of the manurial requiromeiits of soils of this type. 

Ammonium hydroxide solutions extract humus and the phos])horic acid combined 
with it, from soils, and Olson^ has shown that such solutions can be employed to 
(lilfenuitiate lietwecn the mono-, di-, and tri-calcium phos^ihates not only in the 
])resence of each other, ))ut also as they exist in fertilizers, animal and plant tissues, 
soils, etc. Ill a (irevious ])aper,“ the author has shown that in caleareous soils there 
is a very ra])id reversion of mono- into di-calcie jihosphate ami that the latter only 
very slowly reverts into the tri-(‘aleic form. On this basis, therefore, there would 
appear to be a, possibility of (unployiug ammonia solutions for the manurial differ- 
entiation of such soils, and a number of jireliminary ex])eriments were instituted to 
test this point. 

in the first instance it was thought desirable to se»^ wlnd/her or not varying pro- 
portions of soil to a fixed volume of solvent had any effect on the percentage of 
PoOr, extracted. Quantities of Kalianjiur soil varying from 20 to JOO grm. were 
therefore extracted with 500 e.c. of I {icr cent, ammonia solution in the cold by 
sliaking tc>getlier for two hours and then allowing the mixture to stand overnight. 
The clear solution was separated by suction through a filter and tlie dissolved Pg ^^5 
estimated in the usual manner. The results are set forth in tlie following table. 

Taut JO I. 


Showing the resnlis of PJ);, euiraclions from varying amotinfs of Kalianpur soil with a 
con .st ant volume of 4 per cent, awmonia solution. 


Orm. Kalianpur soil tak ‘11 

VolniiM* <»f 1 ])(‘r font, 
aiuinoiiia 
solnlion aJJtal 

1*<T rout. oxt-iactt d 

20 

.'iOO c.(‘. 

0-0009S 

;io 


()-00098 

40 


00009S 

r>o 


0001 IS 

100 

>> 

0 00101 


* Washington A gri. Eyp. Sta. Evil. 116, 1014. 

^ Harrison and I)aa. Mein. Dept, Agri. Iiulia^ ('hem. AVr., Vol, V, No. 0, 1921. 

( »3 ) 









94 


AVAILABLE PHOSPHOEIC ACID OF CALCAREOUS SOILS 


Thus it is shown that, under very wide variations between the weight of soil 
taken and the volume oE solvent used, the percentage! of extracted remains 

practically constant. 

The next step was to determine the efiect of the presence of calcium carbonate 
or Piisa soil on the amount of I’aOs (extracted from mixtures. Mixtures of varying 
composition were made and extracted for six ho\irs in a shaking machine with a 4 
per cent, ammonia solution. After standing overnight the solution was sejearateed 
by fdtratiou and the TaOs in it estimated. The results are given in the following 
table. 


Table II. 


Shming the ejjed of jirocijnlalcd CaCO^ on the exlmdion of from ludianpnr soil 

with 4 jjer rent, ammonia .solution. 


P(T (‘( 111 . Cji( *();, in s(*il 
inixtun* 

(Inn. 

Kalianpur 
.soil take n 

(O'in. 

CatJO;, 

added 

(Jnn. P.,!),, 
t!xiractal)l(! 
ill soil 
niixtun^ 
{calciilnted) 

Cnn. P.,0., 
oxtracted 
in soil 
mixture 
(found) 

l)itTt‘ relink 

nil ..... 

:ioo 

nil 


000229 


5 . 

285 

15 

000210 

0(.)0144 

—000072 

10 

270 

HO 

0()0205 

0-00124 

— O-OOOSl 

20 

210 

00 

0-00 1.S2 

0-000.SH 

- 0-(XX)99 

:io 

210 

00 

OOOlOO 

0-00050 

-0-00104 

10 

ISO 

120 

0-00 1H7 

O-OOOHO 

- 0-00098 

80 

(10 

2 to 

O-OOOiO 

0-00010 

-0-(XX)30 

100 

nil 

200 

nil 

nil 

— 


Table 111. 


Showing therjjed of Pu.sa .soil on the extraction of P.X). from Kalian pur soil with 4 per 

rent, ammonia solution. 


per cent. Piisa soil in .soil 
mi xt lire 

( Jrm. 

Ivalian|mr 
soil taken 

(Inn. 

Pusa soil 
add(‘d 

(Irm. 

(‘xtraotal>l(! 
in soil 
mixture 
(cnkuhilul) 

(Irm. 

1 ‘xtracted 
in soil 
mixture 
(found) 

Diff(‘rence 

nil 

.H(X) 

nil 


0-00229 


20 

240 

00 

0-00209 

0-00201 

-0-00008 

40 

180 

120 

0-00 101 

0-001G7 

—000024 

00 

120 

180 

I 0-001/2 

0-00159 

—0-00013 

SO .... 

00 

240 

000154 

0 00142 

— 000012* 

100 

nil 

300 

0-00135 

0-00135 

— • 
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These results show distinctly that the presence of CaC 03 decreases the amount 
of which is extracted from its mixture, hut that this effect is com})aratively 

small in mixtures with Pusa soil. This difference possibly may be due to the ])artieles 
of CaCOg in the Pusa soil bein*^ partially protected by other soil const, ituents, and 
if this is the case, then by extracting increasing ])roportions of Pusa s()il with the 
same volume of 4 per cent, ammonia solution and thus increasing the amounts of 
active CaCOg present, the percentage of PgOg extracted should show a depression. 
Experiments on these lines were instituted and the results are given in the following 
table. 

Table IV. 


Showing the rcsvlls of cxirdctions from varying amounts of Pusa soil with a 
constant volume of 4 per cent, ammonia solution. 


Ratio of gnu. Pusa soil : .WO 0 . 0 . 

ammonia solution 

4 p(;r cent. 

firm. Pusa soil 
actually 
taken 

c. c. 4 per cent, 
ammonia 
solution 
actually used 

Per cent. PoOr, 
cxtracti'd 

20 


120 

M,000 

0*00075 

MO 


m : 

2,250 

0*00007 

40 


180 

2,250 

0*00050 

W 


180 

1,500 

OOOOoM 

80 


240 

1,500 

0*00050 

100 


MOO 

1,500 

0*00045 


It is evident that there is a decrease in the proportion of P 2 O 5 extracted as the 
])ro])ortion of soil increases, a result diametrically opposed to that obtained from 
the Kaliaiipur soil, and it may be concluded that ammonia extraction is susceptible 
to the influence of CaCXIg and therefore inapplicable to (calcareous soils. 

A reference to the expeririKmts detailed in Part II shows that the [)resence of 
(.^aC'Og had comparatively little effiict on the extractiul by a I per cent, ammo- 

nium carbonate solution, it seemed d(*sirable to use a stronger solution of ammo- 
nium carbonate and to compare its acetion with those of sodiinn ajid ])otassium 
(carbonates. The results are given in the following table, the amount of soil and the 
volume of alkaline carbonate solution taken being ' 100 grm. and 1500 c.(i. respectively. 

Table V. 


Showing the results of P^O^ extractions from Kalianpur and Pusa soils with ap 2 noxi- 
mately NjB alkaline carbonate solutions. 


N/2 solution used 

Per cent. PgOj from 
Kalianpur soil 

Per cent. P^O,:^ from 
Pusa soil 

2*85 por cent. (NH 4 ) 2^03 .... 

0*00458 

000H3 

2*65 per cent. NajCOj .... 

0*00428 

000249 

3*45 i)er cent. KiCOa .... 

0*00473 

0 00271 
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It is found that in the case of the Kalianpiir soil which is practically devoid of 
lime, the amounts of P.^Or, (ixtracted arc practically the same with the three solvents^ 
tried, whereas in the case of the highly calcareous Pusa soil the amount of PgOg 
extracted by the (NH 4)2003 solution is about- half of what has been obtained by, the 
rest of the solvents. The reason of this probably li(‘.s in the fact that (NH4)2C03 
is a much weaker base than the other two and is unstiible, especially in the presence 
of OaOOa which is a constituent of the soil itself. Further attempts with this solvent 
weic therefore not made. Of the other two solvents, K2CO3 extracted a 
little more P2O5 both from Kalianpur and Pusa soils than Na2C03. Potassium 
caibonate was therefore selected for further investigation, and extractions of Pusa 
soil with solutions of various strengths over dilferent ]ieriods of time were 
carried out. 75 grm. of soil and 750 c.c. of the solvent were used in the following 
experiments and the results are set forth in the following table. 

Table VI. 


Showinfi lha re.vdis of P^Or^ exf rarf ion from Pusa soil ioilJi solution of various 

sfrcnf/llis over different jperiods (f time. 


'rime of in iionrs 

i’KMT. Kjjf ’(),-) 
SOLCTTOX 

With I rnii 
OV.HT. K/H), 
SOLUTION 

With 2 per 

CENT. K2CO3 
SOLUTION ' 

l*<‘r nent. 

(5X tract 0(1 

0 ( 1 * (M ilt. P2^Vr, 
(‘xtiacU'd 

Per cent. P2O5 
oxtracted 

(1 

' 00170 

000214 

0002.39 

S 

- — 

0 00221 

— 

21 

0(M»221 

000300 

000328 

4 S 

00022 1 

000334 

000441 

72 

0 0022I 

1 000340 

- - 

m 

00023S 

— 

000198 

120 


000359 

— ' 


It is evident- that the gi‘(\iter the concentration )f K2CO3 solution used, the larger 
were the (pianlities of extracted, and that the etVect of time on the extraction 
of P./).^ is not much ])r()n()uucc(l beyond 21 hours’ shaking except in the case of 
2 p(*r cent. solutioTi. On the other hand, the variation in the proportions of 

P./).-, extracted on 21 hours’ sliaking is much less pronounced than on longer periods 
of shaking. Further, ] ]}er cent. IVoCOg solut ion is ca])able of extracting an appreci- 
abh'- amount of P-O 5 willi 24 houis’ shaking and this amount remains pTcictically 
constant with longer times of shaking. Shaking wdth ! per cent. K2CO3 solvent for 
2 1 hours was therefon* (ixed as a standard method of proC(^dure for the estimation of 
available phosphoric acid in calcareous soils 4 ^he living of the above standards 
is further confirmed b\" tlie following considerations. 
















SURENDRALAL DAS 


97 


The relationship between the amounts of P2O5 (P) extracted on shaking different 
lengths of time and the corresponding concentration ( 0 ) of KgCO 3 solutions used 
turns out to be a simple semi-logarithmic one, as is shown by plotting the values of 
P against log C, when the curves produced are approximately straight lines. The 
following diagram demonstrates this, where concentrations are taken as 2, 1 and 8 
respectively in the place of 1 and 2 per cent. K2CO3 for the siikc of drawing the 
curves. 

Diaoram I. 

Showing the cMrves 'produced on plotting ynilligrama extracted from Pusn soil 

against the logarithms of corresponding concentrations of KopO^ solutions. 



The relationship may thus be expressed by the general formula - 
P- a+b log C, 
where P= mg. P2O5 extracted, 

C = concentration of K2CO3 solution used, 
and a and b are constants. 

That is to say, the extraction of P2O5 from Pusa soil follows the law of iuass 
action, the proportion of P^O^ extracted at any time being a function of the total 
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amount of r205 and depending upon the concentration of KgCOg solution used. 
It is also evident frorn the curve that there is less variation in the amounts of P2O6 
extracted with 24 hours’ shaking, which has been adopted as the standard. 

To find out the theoretical considerations underlying the action of K2CO3 solvent 
on the phosphates of calcareous soils, some experiments were next undertaken. 

Extracting a sam])lc of dicalcic phosjdiate with 1 per cent. K2CO3 solution in the 
cold yielded results which are set forth in the following table. 


Table VII. 


Showing the results of extrcvclions frmn dicalcic 'phosphate on being shaken for 

different periods of time. 


'Pimo of shakinf? in hours 


24 . 
24 . 
24 . 
48 . 

m . 


(Jriu. 

1 per 

(Jnn. P.,0, 

dicalcic 

cent. K. .(!(), 

in .sclu- 

j>lio.s]»hatc 

.s»)liitinn 

tion after 

taktn 

added 

shaking 

or> 

100 c. c. 

0 0.21 S 

10 

>> 

00()97 

2-0 


01411 

10 

>» 

00929 

1-0 

>» 

01292 


Per rent 
aetion 


4()-7^ 
r)0-7 y 
51-4 J 


moan-- 

49 6 

68-2 


92-9 


The reaction between dicalcic phosphate and solution is thus seen to be a 

Xirogressivc one depending u])on the time of sluiking, the extraction evidently proceed- 
ing to completion after a little longer time than 90 hours. The reaction which takes 
place is shown by the following equation : — 

:i Cairro^, 2 JlgO+KoCXI^^Ca^^ lUX 

3 X 1 72—5 1 0. rotassium Tricalcium Potassium 

Dicalcic j)hosx)hate. carbonate, ijhosjhate. j^hosihate. 

(P.Xlr, in solution^? 1). 

From this it follows that I gnu. of dicalcic jdiosphate will leave in solution 0-1I176 
gnu. of P0O5 from potassium ])hos])hate produced wlieu the reaction is comxfiete. 

Tlie above table also shows that 91 ])(*t cent, action took i)lace according to the 
above relation in the cold on 9<» hours’ shaking. It was therefore thought x>ossible 
that the velocity of reaction will be (juicker in a boiling solntion and the reaction 
will be complete within a shorter sx)ace of time. 

To test this, 0 7 108 gnu. of dicalcic X)hosx)hate was boiled with 70 c.c. of 1 per 
cent. KoCOg solution for about ten minutes. Then, after separating the extract by 
filtration, the dissolved was determined as usual. The results are shown below, 


V 2 ^^ found in solution — 0*1011 gnu. 
„ eakulatcd „ =0*1019 ,, 


Difference = 


— 0*0005 


31 
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Thus, the reaction between dicalcic flios'phale ami 1 'per cent, 'Solution takes 

place aceordimj to the eijuaiion ffiven alwve, whether in the cold or in a hoilincj solnt mi. 

Evidently, the underlying ininciple of the action of 1 per cent. K2CO3 solvent 
on calcareous soils seems to be that a reaction takes place with any dicalcic or such 
other phosphates present in the soils in the production of insoluble t ricalcium or 
other phosphates, and of soluble potassium phosphate. The amount ol found 

in the extract thus serves to be an approximate measure of the available phosphoric 
acid of calcareous soils. 

To find out the suitable ratio of soil to the solvent used in the extractions of 1^2^51 
a definite amount of soil was extracted with varying proportions of the solvent. 
In this case, the soil mixtures were shaken for six hours only and then the whole 
allowed to stand overnight, after which the extracts were examined for the dissolved 
PgOg as usual. The results are shown in the following table. 


Table VIII. 

Showing the results ofP.fir^ extractions from Pusa soil with varying amounts of 
1 per cent. K^CO^ solution. 


Ratio of grm. s(*il : c. 0 . solvent 

(Jrin. Pu.sa soil 
actually 
taktui 

c.c. 1 per coTjt. 
KaCOa sohition 
actually 
aildtul 

P(ir cent. P 2 O 5 
extracted 

1:5 

:ioo 

1,500 

000 180 

1 : 10 

1.50 

1,.500 

0 00290 

I : 15 

50 

750 

000255 


It is thus demonstrated that wlnm the soil and tlu^ solvent weie taken in the ratio 
of J : 10, the maximum amount of was extracted under the conditions of the 

(‘xperiment. '^riiis ratio was therefore', taken as tln^ suitable standard, and has since 
been adopted in all sul)sc(picnt ex])erime.nts. 

It was found by experience that slight variations of tern j)erature did not material- 
ly affect the results obtained. 

The following method for the estimation of available phosjdwrie acid of calcareous 
yoils is therefore recommended : — 

“ The soil is sampled by passing through a sieve of 2 mm. meshes after drying 
it in the air ; 100 grm. of it with a litre of 1 ])er cent. K2CO3 solution, or a similar 
proportion of the soil and the solvent, should be shaken in the cold for 24 hours 
in end-over-end rotations in a mechanical shaker in a room which is not subjected 
to sudden changes of temperature. In the extract separated by suction, the is 
determined by the ammonium molybdate method,” 
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A procaution has, however, to be taken during the analysis that the KgCOjj 
remaining free in the extract should be first neutralized almost wholly with nitric 
iie.id and th<*n with a little hydrochloric acid, as a result of which considerable amounts 
of potassium nitrate will be produced in the solution, which is an advantage in the 
granular precipibition of animoniuni phosphomolybdate during subse(|uent openi- 
tions. Otherwise, if hydrochloric acid is used instead for neutralization in the 
beginning, the excess of chloride produced will, as is well known, materially interfere 
with the estimation of molybdate method^. 

In order to verify this method as well as to compare its advjintages over the 
existing citric acid metliod, a large number of calcareous soils from Pusa experimental 
])lot 8 , of CaCOq content ranging from fiO to 40 ])er cent., was taken for examination, 
the crop])ing and manurial history of these soils being accurately known. 

'Fhe total content of these soils did not vary to a consid(U‘al)le extent and 
th(^ (igures for availalde 1*205 determined by the citric acid imdhod, whicli were 
almost uniformly lower than 0*0005 ])er cent., were rather erratic. On the other hand, 
tlie amounts extracted by 1 ])er cent. Kof 'O3 solution, Avliich gave a wider variation 
from about 0*002 to 0*0(»r> per cent. •'showed indication of being significantly 

related to the (mltural history of the plots. The results obtained are given in the 
following table. 

Table IX. 


Showing thv comparaJde fesfdls of total hij citric acid as ivcll (fs pofassia7)i carbonate 
methods^ <f c(dcarcoiis soils of known cropping and wa.'orial /iistorff. 






Pr.K r’KN'i 

Alll.K 

r. AVAIT.- 

p,(). 

1 

. 0 

s 

0 

Pint NTo. 

l)i‘S( ril)f inTi (»f 
plots 

Tival moiit 

1*1' r f f'Til. 
total 

t^o,, 

i 

Tfy 

citi’ic acid 
iiK'tliod 

By 

])()ta.ssiiirn 
('Mibonat {' 
uu'tluxl 

'0 

C/) 

c 

pi 

rt 

H 

! 

1 u. 

Punjab Pii‘l<l 

No man art* 

010S2 

0()e(>29 

0-00227 

0-021 

S P.. 

1 

»Su|KT])])o.s|»|iat(' . 

OlOol 

000029 

0-00290 

0-028 

7 iJ. 


K,S().» 


0-00O22 

o-oo2:{;i 

0*02:1 

S) lb 

• * 

,, 1 Suju'r 

OlIKU 

OOOOP,) 

0-00:528 

0-0.32 

P.l W 

„ 

(Jna ii luanuro }• 
Gypsum. 

O-OObl) 

0 00011 

0-002:19 

0-02r) 

\r. 1). 


,, ) iSloiiocaloio 
plu>sj»lia(<*. 1 

ooor.o 

000009 

0 -0027 7 

0-02!) 


‘ liiblianl, P. I,. A study of ttu' Poni barton- Kilonn- Ab tlu d. I'i-r tbt* (!«'t(*rniii)ati<.n of nl.osiihoric 
acid. Jour. ludu';. <nnl Kufjin. ( hetv.^ fi. lire. HlJ,*>, DflS. 
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Table IX concld. 





1 

pBli CUNT. AVAIL- 
ABLE TaOs 

10 

c 

3 

E3 

0 

9. 

riut No. 

Dfseriptioii of 
Idiots 

Treatment 

i*er cent, 
total 
P.Os 

By 

citric acid 
iiu‘tli()d 

By 

pota.s.siliin 

carlxmato 

method 

'o 

to 

0 

r- 

c: 

p: 

H 

i 

j . 

raii<!;aibi 

No mamno 


000000 

O-OO.'lOO 

0-0:]0 

:j . 

M'ivUl 

»> • • 

tSupti])hns]diate . 

()•]().') 1 

0-000 10 

0 00 170 

0-0(5 

<■> 


tireeii iiianuie 

0 102,1 

0(M)000 

0 002 71 

O(»20 

•j . ! 

>» • • 

„ 1 Super 

0*1021 

0-00000 

ooo;joi 

oo:hs 

1 . 

lA)t Culluro Uouso 
Field. 

No niauuro 

0*1071 

000028 

0 *00:192 

0-035 

s . 

„ . 

»Su[»‘rpljospha(t‘ . 

O-JIIO 

0-00107 

ooo4:.{5 

o-o:(o 

7 . 


(Nil,), so. 

OOOtl 

0 •00(^20 

o()o;{5:i 

o-o:{H 

•1 . 

„ . 

„ 4 .Sillier . 

0*1005 

0-00020 

0-004 10 

0*039 

0 . 

n 

Kj.SO, 

0-0072 

O-OOOIl 

0 00:197 

0-041 

0 . 


„ 4- .Sillier . 

0*1111 

0*00(MJO 

0*00530 

0-018 


Til anotlior case, a j)l()t No. 'M) B in the PuiijaL Kidd, wliidi had voiMnved a dressing 
of sii])er sevwal years ago and none since, gave 0*(JO.‘>7iS ])er cent. 1*005 by K0OO3 
extraction, tlie corresponding no manure ])lot No. 27 B giving only () ()0258 per cent, 
ngainst O OOOBi p(*r cent, and 0*00052 per cent, available B.^05 respectively by the 
eitrie a.cid method from these plots. More recently, a siqu^reil plot in the (’hhoaiiia 
Kidd gave 0*00517 ])er cent. B0O5 as against 0*00277 per cent. B0O5 by t-'^trac- 

lion for an unmamirod plot in the same field. 

Thus, in in*actically all cases exajnined, the method of extracting witli I ])er cent. 
K.jOO;^ solvent has diliereiitiatcd laUwcen manured and unmamirt‘d ])lots, and also 
between plots treated with ]hosj)hatic fertilizers and those treated with other 
fertilizers having no phosphates in them, whereas the citric acid method yields 
uneven and misleading values. 

In order to see whether this new method can dilTerentiate between patclies of 
soil carrying an uneven growth of a croj) in the same field, an examination was made 
of calcareous soils taken from a field sJiowing very irregular growth in the crop, 
samples being taken from good portions for comparison with samples from bad 
portions. The results are set forth in the following table. 
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Table X. 

Shoivimj cowyatahle results of total available by citric acid 

/vfWi/Di/f//' nf rnlenrenus soils from aood and bad C7 


as well as by 


iJl'Kl’lipl ion nf pints 


(lonil emppin;' Nn I 
»» »» >* >> " 

»» >» i» >> 

„ ■« 


f» »> 


lUd crn[»piiic; .snil, N(> I 
2 

»» >» »* J* d 



iVr c-riit. available 

Pel* (-<‘lil. 


-- 

ti.tal 

J*..0, 

I5y 

citric acid 
inctliod 

By 

I)i)|,fissium 

carboiiato 

method 

0-1004 

0-00038 

0-00340 

0-1014 

0-00017 

0-00290 

0-101:3 

0-000 10 

0-00328 

0-0979 

o-oooio 

U-00334 

0-0981 

0-0003S 

0-00305 

O-I014 

0-00032 

0-0024(i 

0-0972 

0-00022 

0-00239 

0-0930 

0-00022 

0-00208 


cd 


0034 

0020 

0-032 

0-034 

0-037 

0-025 

0-025 

0-022 


^riius, ill throe oasos oiii of four, tju*. good soils yielded a]>|>reoiably higher values 
than the liad soils ulieii examined by the extraction ])rocoss, whereas with 

the cit rie acid method the reverse was the ease. 

Moreover, the ratios in the above two tables indicate 

iliat the 1x2^'^^, solvent extracts apjircciable quantities of 

manipulative dillieult levs in their estimation which are very often met with in the case 
of small amounts of 1*0^ ^5 extracted by the citric acid method. It is also evident 
that the i)ro]>ortious of extracted with KoPO-j solution are many times greater 
than those obtained with the Dyer’s method. As a matter of fact, the KoCOg solu- 
tion, being an alkaline solvent , extracts humus from soils, with Avhich is associated 
a comparatively largt*. amount of whereas oil ru; acid is incapable of doing so. 

It lias already lieen shown to be the c ase in Part 11 {loc, cit.) that an alkaline solvent 
can extract humus and l^O^ combined with it from soils^ Thus, the greater solvent 
power of solution for soil phos])hates is clearly demonstrated. 

Furthermore, preliminary c^xperimeiits carried out by the author in this labora- 
tory- have shown that -[ho^ [ilumis in organic combination is more efficacious and 
easily available to pkiiits than inorganic phosphorus in soils. Thus, it may perhaps 
be maintained that KoCO;, solution, which extracts phosphojus both in organic and 


1 Tabt' Vll, l\irt IT. 

» Sci Kept., A,jn. Re.^. Pma, India, 1923-24, 24-25. 
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inorganic combinations in soils, is a very suitable solvent for estimating soil plios- 
phates, which will be available for the nutrition of plants. 

The conclusion thus emerges that the potassium carbonate method is capable 
of measuring the probable fertility of highly calcareous soils in tlicir relation to 
available phosphoric acid. Moreover, it is a decided improvement on the existing 
citric acid method in that it has the following advantages over the latter. 

1. The potassium carbonate method is capable of giving an indication of the 

probable fertility of calcareous soils in their relation to available phos- 
phoric acid, whereas the citric acid method altogether fails as a dis- 
criminating agent in such soils. 

2. The potassium carbonate solution is not materially affected by the presence 

of calcium carbonate. 

3. It extracts higher proportions of P2O5 from calcareous soils in both organic 

and inorganic combinations, which are easily estimabhi by the ammo- 
nium molybdate method, whereas citric acid solution extracts in the 
majority of cases very small amounts of P2O5 giving rise to great 
manipulative difficulties in their estimation. 

4. The potassium carbonate extraction is not practically affected by the time 

of shaking, whereas in the citric acid method a refercnc(i to the experi- 
ments detailed in Part I (loc. cU.) will show that the amount of P2O5 
extracted is considerably dc])rcssed by a longer time of shaking. 

5. The reaction of the potassium carbonate solution with the soil phosphates 

follows a simpler course, being controlled by the law of mass action. 

Further investigation is in progress to see if this new method can bo applied to 
other typos of soils with similar advantage. 

Summary and Conclusions. 

1. Ammonium hydroxide, ])eiug affected by the presence of calcium carbonate, 
extracts very small (piantities of P2O5 from calcareous soils and cannot therefore be 
applied for measuring their fertility. Othei alkalis are likely to behave in a similar 
way, and they were therefore not tried. 

2. A solution of ammonium carbonate, although not alTected by the presence of 
calcium carbonate, extracts smaller proportions of P^Og from calcareous soils than 
do those of the other common alkali carbonates, even when strong solutions of 
approximately half-normal strengths are used. 

3. Of Na2C03 and KaCOg, the latter extracts more P2O5, and wa^ therefore 
selected for the investigation. 

4. It has been proved that 1 per cent. KgCOg solution is capable of differentiating 
between manured and unmanured lAots of known cropping and manurial history, 
and it thus gives an indication of the jirobable fertility of calcareous soils in their 
relation to available phosphoric acid. 
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5. An imi)roved method has been recommended as a substitute for the existing 
iJycjr’s method for the estimation of available phosphoric acid of a highly calcareous 
soil in that the soil slioidd be extracted with a 1 per cent. KgCOg solution, the propor- 
tion of the soil to solvent being as 1: 10, on being shaken for 24 hours at the ordinary 
laboratory tempciiature and then the dissolved PoO^ in the extract estimated by the 
ammonium molybdate method. 

On the other hand, the citric acid method altogether fails as a discriminating 
agent in such soils. 

0. Th<*. reaction biitween 1 ptu- cent. solution and the phosphates of calca- 

reous soils obeys the law of mass action. 

7. ft has been (established that tlie underlying principle of the action of 1 per cent. 
Kjj(H );j solution (jn (.‘alcareous soils is that (a) a reacti(jn takes ])lace with any dicalcic 
or such oth(*r ])hospha((^s ])resent in lh(‘. soils in the production of insoluble tricalcium 
or other phos])]iat(*s, and of soluble*. ])otassium })h()S])hatc, and that (b) phosphorus 
in organic combiiialion ])resent in the humus of the soils is also dissolved. 

8. Tin* j>o(assiiim carbonat i^ met hod is a ndiable one, and it has several advantages 
ov(U- llui (existing l)y(u’s (liirie ae.id nnjthod for estimating the av^ailable j)hosphoric 
acid wlien a])])lied to highly calcareous .oils. 

i<b\[)(;rim(mts are in ])r()gr(\ss to see if this new method caji be successfully applied 
to other types (d soils. 
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FOREWORD. 

The work described in the following Memoir has been carried out during the 
past two years. The Senior Author is leaving India and will be unable to continue 
in charge of the investigations. It is, therefore, considered advisable to publish the 
results so far obtained. The work will, however, be continued by the joint authors 
of the paper. 


11. E. AJMNETT, 

Agricultural Chemist to GomnmerU^ 
Central Provinevs, Nagpur, 
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DESULTS ON THE ALi.EPED DETEIUOEA- 
TION OF SOIL FEIITIMTY. 
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Asuitilunl Ayricidlvrul (.'/Hmislti to Clovernmcnl, Ctvlral J’rovmws. 


(Ilcoc'ivcd fur [-uhlicatioii on 2ii(l S«‘pt(MolH'r 1027.) 


MiicJi work lias boon <‘arrip(.l out on iiitniicaiioii an<l iiit rogi'ii lixation in soils 
in various coiiniriivs. Most of ilie work on nilrifical ion deals with the eoiuJitioiis 
aii’ectilig tlic; process and ligurc's liave lM‘en given showing tin* amount of nitrate 
in the soil at various dejitlis througliout the year. Wiiat hapjiens to this nitratt' 
after formation has K'ceived imieh l(‘ss allenlion. Most writers assunu' tliat what 
is not used by the jilant jiasscs away into tlie subsoil water. Jt is ciTtainly widely 
stated that little denitrilieation takes [»la<*e in soils. work carri(‘d out in this 

laboratory shows tliat the loss of nitrate from soils is very gnait and in vic'W of various 
other interesting observations arising out of the work no apology seems needed 
for adding to the already vast literature on the subject. Much ol the work on nit- 
rification has been carried out on soils, the formations undia lying wJiieh allow the 
subsoil water to pass rapidly away into neighliouring rivers. In the area on whicli 
our work has been carried out, we have a fairly uniform luuivy black clay— the 
black cotton soil of India^ — to 50' in deptli resting on t rap rock. Jn the rains 
the water level in wells rises to about 3 feet from the surface and in the hot weather 
it falls to a distance of 19 feet from tlie surface. These conditions are typical of a 
very large tract of country in the Central Provinces ol India though the water levels 
and depth of soil vary in different parts. There wdll of course be lateral movement 
of thifl under-ground water supply towards the big river beds. Since there are no 

( 1G5 ) 
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big rivers near the Nagpur Farm, the probability is that the lateral movement ia 
exceedingly slow. It occurred to us, therefore, that a study of the nitrate content 
of wells, undertaken in connection with a study of the nitrate content of the soil 
itself at various periods throughout the year, should give interesting results. Our 
e-xperiitlents fall naturally into 3 divisions. 

I. A study of the nitrate content of the top 3 feet of soil of various plots at fre- 
quent intervals throughout the year. These experiments have been carried on 
from June li)2.o to date, .January 1927. With this was included a study of the 
total nitrogen content of the to]) one loot of soil. 

II. A study of two wi-lls throughout the year, one of which is used for irriga- 
tion and one of which is nob used at all. Regular determinations of well levels, 
total solids, nitrates, carbonates and bicarbonates were made. 

III. A study of the nitrate content of the drainage water from the drains laid 
under these plots. 

For the convenience of the. reailer unacq\iainted with the soil and climate of the 
Central I’rovinces of India, the following particulars are given. They relate to the 
head-quarters station, Nagpur. 


Tvmjicntliiie at Naijpur in 1026. 





.lati. 

r. b. 

Mar. 

A|»r. 

M.xy 

.hOK' 

July 

A uj;. 


Oct. 

Nov. 

Dpc. 

Maxiiiiuiii 

H.S .) 

It'.) (■» 

H'l s 

109 7 

111-7 

11 1 0 

102 0 

92 t) 

91 0 

92 0 

01 5 

90 :i 

Mlninuiiii .... 


17(1 


O.') 9 

09 0 

7'S C 

72 :l 

720 

720 

50 1 

49‘2 

138 


HainfalL 


Nonii.'il .... 

.‘).S 


•ir. 

•.d) 

1 

•09 

8-7«> 

12-48 

10 00 

7-8.5 

2-09 

•50 

•40 

Tot.il for yiMi’ 












10 0.5 


M cduiH leal analysis. 


Lluy • • ■ 

. 




. 






42*5 

Kine »ilt . 

. 




. 






190 

• • • • 





. 






12*5 

rine aaiul . , 





. 






7-4 

.siuivl 











10*2 

Moiisluio . 












oil ignition 







• 


• 


30 

i'alciiiiM carUoiuiU* 


. 


• 

. 

• 

. 


• 


10 


100*1 
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Chemical analysis. 


. 11-25 

AIjO, 

MnO 0-20 

CaO 

MgO 1-79 

K.O \ 

Na,0 3 . . . 0-15 

P.Oj 00(i 

SO 3 Ai7 

C'Oj 0-44 

Insoluble and sand ......... (18*71 

Organic matter and combined water* ........ 5*83 


'lotal . 10000 


* (-)ontaining total nitrogen • . . • . . . . . , , 0*050 

Available l^Og ........... 0*008 

„ KoO 0*011 


VART 1. 


A STUDY OF TllK NITHATF ( ONTFNT OF THE T01> FEET OF SOIL OF 
VARIOUS PLOTS AT FREQUENT INI^ERVALS THROIKJHOUT TUK YEAR. 


After tliis study was started, it was found nec'essary to iiuToasi' the scope of the 
experiment on two subsequent occasions and therefore tlie experiment must be 
separately described for each of these jieriods. 


Period (a). 21 st June 1925- 8 th April 1926. 

During this perioil two plots only were taken under observation. Both of these 
had been regularly cropped for years past with cotton and jHar {sonjhma rvhjare) 
in alternate years, except for an occasional crop of sann lu‘m]) {(Jrofalaria fuvrea) 
or Tur {(Uijn)ws imliru.s). Oik* of tlnan has Deceived no manure in tin* history of 
the farm, certainly not during the past 25 years, and tin* other has r(‘ceived r(*gularly 
every year a dressing of 4 tons per acre of cattle dung and in addition is topdressed 
during the gi*owing S(‘ason with nitrate of soda at the rate of 65 11). ])er acre. The 
plots run north and south and (*ach measures ^th acre in area. The yields on 
these two plots for th(i j)ast 5 years have })een : — 



Yield per acre lb. 


1922 

192,3 

1924 

1925 

1920 


Uotiou 

Jvar 


< N)ttf»n 

Jnar 

Uiimamired .... 

2S11 

7,<M)5 

7,125 

375 

7,015 

Manured .... 

500 

13,305 

8,125 

(i(>() 

1 1 ,785 
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lo.H 

The yi(‘ld of cotton refers to kapas, i.e., seed and lint, whereas the >ar yield 
refers to forld(‘r. The ii^aire shown for sann hemp refers to weight of fibre. 

The |)h)ts a,n.‘ under-drained with tile drains at a depth of feet. The outfall 
is bricked and the drainagt* of each area can be collected separately. 


(/>). IOth Ai'Kil 28Tn October 192u. 

It v\as Jelt advisable' to include an uncro])ped plot in the experiment. This was 
done. Innn Ibth April I92(i. Between the 2 plots already under experiment was 
an (exactly similar |)lol also under-drained which had received no manure for many 
yi^ars past. ^Ihis was divid(‘d lengthwise into two sub-plots. lioth these plots 
w(‘r(‘ left, fallow. On(‘ remained unmannred and the other received a dressing of 
ciitth^ manure on Itith dinie 192t; just liefore tlu‘. rains. On this same date the 
manun'd j)lot. whieli was to la* cropped also had a similar dressing of cattle manure. 
TIk^ ex[)erim<‘nt, 1her(‘fore. from now on included 1 plots. 

1. llucropped unmaminMl. 

2. lin('ro|)|)ed inauur(‘d. 

2, (Vopped unmaimred. 

•I. ( ‘roj)p(‘d inaimnMl. 

I’i'iKioi) (c). IvST NovkaIber 192() to ]>am'E, Jax’UARY 1927. 

It. was (h'ciihMl at this date to st u<iy tin* elfeet of cultivation at the close of the 
rains on nitrate* lormation in tin* soil during the cold weatJier. The uncropped 
imm;uim<‘(l a,nd uneroppe'd manunal plots wen*. tln‘r(*for(*. again subdivided and 
oin*-half of each was cultivateMl as (h'seribed later. 

I 'nfortunately. tin* land had luvn left too long and w^as too dry for (‘tiicient cul- 
tivation. Fort limit (‘ly. a in'ighlioiiring field wliicli was uncropped during the rains 
had bee'll regularly eailtivate'd at tin* ele)se eif tlie rains. It had been unmanured 
lor ye'ars ami was appare-nlly similar in every way to the plots already under ex- 
p(‘rinn*nl. It was elecieh'd to samjile this plot regularly from 1st November 1920 
emwards \silh the* eetheT ohds. It was left uiie^'oppeel aiiei is called plot HI in the 
tal)le>s. ddierelbrt* fre»m Ist Xeivember 1920 thei folleiwiiig plots WTre under cxp(3ri- 
ment- : 

1. Ibie rojijieel uiimanure'd uncultivated. 

2. rin rojepe'd maimivel une ultivated. 

:>. ('re»pp(Ml unm mured uiie ullivateel. 

I. f'reipj .•el luaiiureMl uiie-ultivated. 

5. lanTe>p])eel unmanureel cultivated. 

0. riuToppe'el immured cultivated. 

7. riot 111 uncropped unmanured cultivated. 
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The crop (jmr) was removed from ?> and 4 on 13tli November 1920. No. 7 
differs from 5 and G in that it received regular cultivation after the raiiis ceased 
as though in preparation for a, cold weatlier crop, whereas Nos. 5 and G w(‘re hd’t 
too late and in consccpience became too dry for eliicicnt cultivation. They w(‘re 
weeded on 29tb October and brohen up by a heavy j)loiigli on 291h October. They 
were bakhared} on tht‘. 31st Octol)(n*. Very large, clods were left and th(\se were' broken 
down by liand on 5th November. A clod crushe.r was run over the land on i2lh 
November, but even th(‘n the surface soil was simply a mass of larg(^. hard lumps. 

Metro ij of soil samplino. 

Owing to its heavy Jiature tlie soil isa. dillicult on(‘ to sample, esp(‘cially when 
it is drying out. We have fouiul tin; only practicabhi way is to tak('> tlie top and 
the second G" sample with an ordinary cylindrical boring tube with shar]) edges. 
For the next two portions of G" each a large auger is employed and for tlu^ 5th and 
Gth poi-tions of G" a smaller auger is used. Jt would be desirable to follow th.(‘ chc\n- 
gps in nitrate content to a greater depth than 3 f(‘<‘(., but we have so far found no 
convenient method of sampling black cotton soil to a greatej* ch'pth than this. At 
each sampling 4 borings were taken in each jilot and they W('re (;ombin(‘d to form 
one set of samples corresponding to each G" d(‘])th of soil. The' l)orings wer(^ always 
taken on a line dr*awn across tlie middle of the plots breadthwise and each subse- 
quent line of samples was taken approximately 1 foot liulher south of th(‘- preced- 
ing line of samples. After about G months the line of sanqiling was shifted back 
to the original line and then sampling proi ei'ded as befoie. Thus it will be seen 
that all samples wt^r(‘ taken in a narrow iT‘ctangle running breadthwise' across the 
plots and reaching approximately 10 or 12 h'ct lengthwise along tin* plots. 

In order to get an id(‘a. of the expi'rimental (aror, tlu‘ four sub-sanqiles were ana- 
lysed separately in certain cases and the results ol these analysi's arii given later 
(Table IV). 

Meitiod of analysis. 

The samples were placed in airtight ])ottles in the held and removed to the labo- 
ratory as rapidly as possible. The samples were in each cas(i rapidly mixed and 
broken down in the laboratory. 50 grin. wer(‘ weighed off for moisture estimation 
and dried for 12 hours before weighnuTit-, a s(‘Cond w<‘ighment being taken after 3 
hours’ further drying. 

Nitrates. 

Nitrate was estimated by the plienoldisulphonic acid method. 100 grm. of the 
sample were placed in a wide mouthed botth' fitted with a. rubber stopper and a 
small amount of gypsum together with 300 c.c. water was added. The stopper 


^ Bakhar- a bladcd harrow. 
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was inserted and the bottle shaken until the sample was completely broken down. 
The disint(^gration of the lumps wavS assisted where necessary by rubbing down 
with a rubber pestle. The liquid was liltered through Whatman’s No. 1 filter paper, ^ 
which does Jiot absorl) nitrate. A convenient volimie of the filtrate usually 100 c.c., 
th(^ actual volume de])(‘ndiiig on the nitrate concentration expected, was evapora- 
ted to dryness in a porcelain basin. 2 c.c. of phenoldisulphonic acid was added, 
th(i residue; being thoroughly wetted with the reagent. The basin was then heated 
on tin; water bath for 3 minutes, after which the contents were washed into a mea- 
suring cylinder with water. 10 c.c. of strong ammonia was added and the volume 
inadt; up to 100 c.c. with water. After shaking, the cylinder was allowed to stand 
for 5 miiudes and tlu^ dcqith of colour w\as matched against standard yellow glasses 
in a Jjovibond’s tintometer - these glasses having been previously standardised 
against [)ur(! nitrate solutions. The; phenoldisulphonic acid method of nitrate 
(‘st imation lias l)(*(;u fr(;quently criticised, but our experience of it is that when care- 
fully currieci out-, it giv^»‘s results of sullieicuit accuracy for ordinary soil investiga- 
tions. [he number ol diderniinations caiTi(‘(l out in our work w^as so great as to 
|)r(‘eliule I lie use ol a, reduct ion method which involved either the subsequent volu- 
metric nuNisure ol nitric oxid(‘, or a distillation of aiiiiuunia. 


Total nituooln. 

Tliis wiis (l(■((■nuill<'(l l.y I lie ordinary Kjoldald inotliod on 20grm. of the soil, 
(•opper sidphato and iK)tassiuiu sulphalo being added in the usual manner. Moist 
samples of soil wre always us.'d as it has been shown in this laboratory that air- 
dry samples of heavy black col ton soil do not yield uj) the whole of their nitrogen 
in th(! Kjeldahl process.* Jn certain published work on nitrogen fixation, it would 
appear that, the original .s.,il lias beiai analysed lor total nitrogen in the air-diy con- 
I ition \aiioiis portions were then weiglied oJf and left for varying periods with 
add.'d amoiiiit.s .,f water. The total nitrogen in these moist samples was then 
estimated and the increase found was a.scribed to nitrogen (ixation, whereas it could 
be largely accounted for by the ddfereiie.!' in nitrogen content found by analysing 
■ 10 soil ill the dry and moist condition. Early e.\:pcrimcnts on nitrogen fixation 
carried out m ...ir own l.iboratory have been discarde.l, because it was not realised 

procL ’ 


Rainfall. 

A careful record of the rainfall was maintained throughout the duration of the 
expornnent. ■ he I, gi, res are give n in Table V and arc also plotted on the charts. 

Vol. 1 - 1 '« alZ^bTttrates. 'Z^/Agri. sI, 

* Itab i». V. Jo'ir. Aijri. XV, pp. 451.459, l'J25. 
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Drainage. 

A note was kept of the dates on which the drains were running and analyses 
were regularly made of the nitrate content of the drainage water. These results 
will be referred to in Part III. 


Cultural operations. 

These are set out below. 

In the season 1925 the crop on the plots was cotton. The plots were all fallow 
throughout the cold weather 1926-26. The crop on the cropped plots in 1926 was 
jiiar {sorghum vulgare). 


1925. 


— 

Manured plot 

Unmaniircd plot 

June, 7th 

Spreading manure 

— 

„ 8th 

Bakhariiig .... 

Bakharing 

„ 18th 

,, • • * . 

ft 

„ 19th 

Sowing 

Sowing 

July, 8th 

Hoeing 

Hoeing 

,, ISth ... 

Weeding 

Weeding 

August, 17th . 

.... 

Hoeing 

„ 20th 

Top-dressing .... 

.... 

„ 22nd 

Hoeing 

.... 

October, 27th . 

Cotton inching .... 

Cotton picking 

November, 26th . . i 

»» » • • • • 


December, 27th 

ff ?»•••• 

ft ft 


LOSS OF NITKATE FROM SOIL IN 0. P. 


IG-J 


1926. 


I'M. N" 


flnl 

Miiy, 27 t.li 

Juno, 71 li 
17fli 

July, OUi 
M Tth 
„ 0th 
J8Ui 

Sop., 12(h 


21th 
i., loth 

, 22ii(l 
. 2811 1 
, 2'Jth 
. Jlst 

V,, Tith 
12Mi 
IJtli 


l’.;ikliurinK 


Disc ploiijihiui; hy IraoUir 
Jialvliaring by bullocks 
Uakbaring by tractor 


Manuring 

uuil 

ihikbaring 


IJakharing Manuring 
and 

Bakburing 
I’.akharing by bullocks 
Harrowing 

I 

Sowing 


Harvesting fodder 


bakbaring 


Manuring 

and 

Uakbariug 


Weeding and pli>ugliing 
Uakbaring 

Clods broken by hand 
Clod crusber working 


Bakharlng 


Bakburing 


'I’ractor Bakha- 
ring and 
Spring tooth 
ciiltivutioii 

Ditto 


Bakburing 

Harrowing 


The results obtainei I nre set out in the following tables. Table I gives the re- 
sults for tht5 period (a) from lilst June 1925 to Gth April 192G. As already stated 
two plots only wi*r(* under experiment during this period, one being manured and 
the oth(‘r unmanurtKl. The remarks column shows the dates of various cultural 
operations, nianurial applications, date of sowing, height of crop at various dates, 
date of hai v(\^t , etc. The Table gives the water content of the soil at each sampling 
and also expresses the amount of nitrate in the soil. For convenience, this is ex- 
pressed in 2 ways, lirstly as gnu. of nitrate of soda ]>er 100 grm, dry soil and se- 
condly as lb. of nitrate of soda per acre. For the purpose of the second method 
of expression an acre of dry soil G" deep has been assumed to weigh 1,500,000 lb, 
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Table I. Period (a). 

Showing nitrate and moisture content of soil throughout the year, 2 1 si 
June ms ~8th April 1926. 


Da to 


21st Juno 1925 


25t)i Juno 1925 


lat July 1925 . 


July 1925 


15tli July 1925 


Depth 


Unmanukkjj plot 



NaNOs in dry soil 

Grin, per Lb. 

100 grni. aero 


\ 



51*21 

27*91 

14*14 

17*:U 

000 

0*00 

110*57 

31*81 

43*80 

01*80 

05*82 

18*99 

17*97 

240*31 

20*22 

32*22 

04*00 

()9*39 

24*03 

24*39 

240*91 

30*75 

39*39 

48*30 

45*10 

38*53 

35*52 

243*05 

20*01 

19*78 

19*02 

19*57 

19*45 


131*14 


i\lANUKKl> PLOT 



25*9 


32*2 

32*1 

30*7 

25*9 

23*0 

‘24*7 


30*5 

35*7 

33*9 

33*1 

30*1 

28*9 


37*3 

37*5 

34*8 

33*5 

32*5 

31*4 


39*5 
30* 1 
34*8 
35*3 
35*1 
35*8 


Na>(i 03 in 

dry soil 

Grin, jjci 

Lb. por 

100 grin. 

acre 

*0043 

04*3 

•0014 

21*78 

*0019 

28*09 

*0017 

25*03 

*0012 

17*04 

*0012 

17*79 


175*23 

*0025 

37*38 

*0071 

100*90 

•0045 

08*29 

*0031 

47*11 

♦0031 

40*(X1 

*0023 

35*13 


340*81 

•0017 

20*17 

•0022 

32*49 

•0004 

95*89 

*0021 * 

31*71 

*0029 

43*20 

*0045 

67*12 


290*58 

*0022 

32*98 

*0020 

39*63 

•0039 

58*02 

•0055 

82*81 

*0034 

50*47 

*0033 

49*98 


313*89 

*0018 

20*89 

•0017 

20*10 

•0013 

19*35 

•0022 

32*37 

•0021 

32*32 

*0022 j 

32*53 


109*50 
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Table I. Period (o). 

Showing nitrate and moisture content of soil throughout the year, 21st June 1925 

Slh April 1926— contd. 


Dalo 

Dopth 

Unman UK ED plot 

Manured plot 

% Water 
on dry 
soil 

NaNOa in dry soil 

%Water 
on dry 
soil 

NaNOa in dry soil 

Cl nil. per, 
100 grm. 

Lb. per 
acre 

(Irni. per 
100 grin. 

Lb. per 
aero 

r 

, () (>"' 

37*3 

•0031 

46-15 

38-6 

•0027 

40*02 

• 

0 12" 

36-0 

■0013 

22-83 

36-2 

•0017 

26-13 


12 18" 

330 

•0017 

25-S3 

33-7 

•0021 

31-90 

■JJtui .liily 192") , .< 

18 24" 

33*3 

•0022 

32-44 

34-8 

*0021 

32-23 


24 ;}(>" 

33 • 3 

•0019 

2919 

36*5 

•0048 

72*06 


30 3(>" 

34-6 

•0021 

3217 

36-3 

•0054 

81-67 





188 61 



284-01 

r 

0 - 0" 

440 

•00087 

1300 

10-8 

•00084 

12*65 

1 

0 12" 

42-2 

•0010 

14-94 

36-2 

•00099 

14-86 


12 18" 

31)'7 

•00099 

14-63 

36-7 

•00067 

10-05 


18 24" 

39*6 

Kum HU 

14-63 

37-9 

•00069 

10-36 


24- 30" 

38*3 

Bills 39 

14-15 

37-9 

•0025 

37-99 


30—30" 

36-2 


14-18 

33-7 

•0040 

69-41 





85'83 



146-32 


0—6" 

37*2 

•0011 

16-35 

36-9 

•00095 

14-26 


6—12" 

36*3 

•00081 

12-16 

34-6 

•00093 

13-97 

3rd August 102o « 

12—18" 

36*6 

•00068 

10-16 

32-3 

•0011 

16-08 


18-24" 

36*4 

•00068 

10-14 

34-8 

•0011 

16-00 


24—30" 

34-8 1 

•00027 

4-00 

35-1 

•00094 

1404 


30—36" 

35-3 

•0011 

1608 

36-6 

•0013 

20-32 





68-89 



94-67 

r 

0- 6" 

39- 1 

•0017 

24-94 

38-0 

•00082 

12-35 


6- 12" 

38*4 

•0014 

20-67 

35-3 

•00080 

12-06 

I3th Ai)i;uiit 1025 . .< 

12-18" 

33-8 

•0013 

20-17 

34-8 

•00093 

14-00 


18-24" 

37*4 

•vX)l4 

20-49 

34-5 

*00080 

11-95 


24- 30" 

37-8 

•0018 

26-97 

37-3 

•0012 

18-42 

1 

30 36" 

38-0 

•0018 

27-24 

36'5 

•0012 

18-27 





140-48 



87-05 


0 r>" 

39- 1 

•00083 

12-50 

41-5 

•0015 

23-34 


6-12" 

41*3 

•00071 

10-61 

39-2 

•00090 

13-49 

20th August 1025 . J 

12- IS" 

41*4 

•00083 

12-72 

36-2 

•00094 

14-18 

1 

IS 24" 

39*3 

•00083 

12-50 

37-3 

•00068 



24 30" 

38-3 

•0009C 

14-45 

36-1 

•00067 

■rail 

1 

30-36" 

39-5 

•0009U 

13-51 

35-8 

•00054 

Ira 





76-29 



79-43 
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Table I. Period (a). 

Showing nitrate and moisture content of soil ihroiighotit the ycar^ 21st June 1925 — 

8th April 1926 — contd. 




Unman UR KD tlot 

MaNUKKD I'LOT 




NaNOg in dry soil 


1 

NaNOg in dry soil 

Date 

Dtipili 

% Water 



%Walcr 





oil dry 



on dry 





soil 

Unn. ])er 

Lb. per 

.soil 

(Irtn. jiei* 

Lb. per 




loo grni. 

aero 


100 gnu. 

aero 



0 - 0" 

41-5 

*00099 

14*85 

1 1 *5 

*0014 

21*19 



(J 12" 

58-7 

•00070 

11*59 

5S*9 

*0015 

19-70 

Aiigiist 192.5 . .< 


12- 18" 

IS 21" 

57*9 

50*4 

•00075 

•00054 

11*52 

812 

58*7 

57*5 

*0(?12 

•00085 

18*()4 

12*28 



24- :!0' 

57*5 

*000 IS 

717 

58*() 

*0010 

15-50 



:jo- ;i()" 

58*5 

*00(r)5 

8-20 

5!)*5 

*0(M5 

19-79 





0111 



107-10 


r 

0 li' 

40*0 

•0010 

15*80 

10*1 

*0015 

10-02 



0- 12' 

57*9 

*00075 

11*51 

57*0 

*0011 

lG-40 

r{ 1 Sop to in bo r 1 92 .5 . . < 


12 IS' 

57*5 

•00008 

10*25 

50*5 

*00088 

15-20 


18 21' 

50*8 

•0008S 

15*24 

50*1 

•0008 1 

12*18 



24 -50" 

50*5 

•0(M>08 

10*11 

57*2 

*00075 

11*24 



50 -50" 

57*0 

•00075 

11*22 

57 ‘5 

•00008 

10-25 





71*90 



85*19 


r 

0-0" 

50*0 

.0011 

lo-is 

50*4 

*0011 

lli‘25 



0 12' 

55* 1 

•00(»7t) 

1 1 85 

55*5 

•0010 

15*81 

KMli Soptoinlx'r ]92.“> 


12 IS" 

55*5 

•00072 

lO-8(i 

.5.5 * 1 

•00079 

11-81 


18 -24" 

55*0 

•00079 

1 1 *88 

55*5 

•0000,0 

9*87 



:U 50" 

400 

•(»007S 

n-51 

57*0, 

•0(,MMi8 

10*25 



50 -50" 

58*4 

•00070 

1 1*50 

58o 

•00070 

10-54 





7.5*04 



74-51 

■ 

r 

0 -0" 

59*1 

•OOOS5 

12*79 

51*0 

•00(;97 

1 1-57 



0 -12" 

52*0 

•00059 

S-S2 

51*1 

*00084 

12 *51; 

h)th Soptoinbor 1925 


12 IS" 

52*5 

•00059 

S-SI 

50 '8 

•000.-, 8 

8-()8 


IS - 21" 

51*1 

•000.-, 5 

7*95 

5 1 *5 

•0004;; 

(i*79 



2 1 50" 

55*5 

•00IM7 

7*01 

55 •:5 

•000 10 

0*0.'. 



50- 50" 

55*4 

•00010 

1 

0*91 

55! » 

•00010 

(;*0{i 

1 




52-:{2 



.>l-r,9 



0-0" 

1 57*0 

00010 

I5-.50 

51*0 

•0012 

17-87 



0 12" 

52*9 

•00005 

9-85 

51*1 

•OOO.S 1 

12*00 

‘-?3r(l Soptcnik'r 1925 .< 


12 IS" 

52*2 

•00072 

10*71 

:{o*,5 

•00058 

8-05 


IS- 21" 

! 52*9 

•00005 

9*85 

51*2 

•00015 

0*77 



24 50" 

55*9 

•00(Mi7 

1010 

55*4 

■00047 

7-05 



50 50" 

57*0 

•000'7u 

11 22 

57-1 

•00095 

14-50 



1 


0702 



07-22 


B 
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LOSS OF NITRATE FROM SOIL IN 0. P. 


Table I, Pkbiod ( a ). 
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Table I. Period {a). 


Showing nitrate and moisture content of soil throughout the year, 21sl June 1925 — 

8lh Ajwil 1926 — contd. 





LLnAIA NUKED 

I’EOT 

AIa NUKED PLOT 

J)ate 




NaNOo in diy soil 


NaNOji in dry soil 


Depth 

'*;j\Va tei 



Water 






on (lr\' 



on dry 






soil 

(Irm jxn*. 

Db. per 

soil 

(Irm. poi 

Lb. per 





100 f^rm. 

acre 


100 grm. 

acre 


r 

0 0" 

25-2 

•00079 

11 87 

241 

-0011 

10- 03 



(> - 12" 

25-1 

•00073 

10-94 

25- 1 

•00055 

8-20 

4th November 1925 . 

j 

12 18" 

25*4 

•00055 

8-23 

2()-2 

•00055 

8-29 


18 21" 

28-3 

•00050 

8-17 

2(;-7 

•00008 

10-10 



24 30" 

30-2 

•00051 

7-07 

28-7 

•00009 

10-39 


1 

3(1 3()" 

30*9 

•00045 

(>•75 

28-4 

•00050 

8-48 









02*15 


r 

0 (>" 

321 

•00005 

9-78 

31-2 

•00077 

1101 



(» 12" 

32 ’2 

(40052 

7-81 

2!)-3 

•00071) 

11-40 

171 li November 1925 


12 18" 

18 21" 

29-1 

2 00 

•00044 

•00037 

()’()4 

5*55 

25-1 

25-9 

•00001 

•00049 

9-14 

7-35 



2 1 30" 

29*3 

•00038 

5-70 

30-9 

•00045 

0*75 


v. 

30 3()" 

290 

•00038 

5-72 

29-9 

•00045 

0-(i9 






41*20 



52-94 


f 

0 -0" 

32-9 

•00059 

8-84 

31*9 

•00071 

10-71 



(i 12" 

3D2 

•0004() 

(;-9(} 

30-0 

•00057 

8- 01 

2.jtli November 1925 

J 

•'1 

1 

12 IS" 

18 21" 

32*9 

29-.") 

•000 K) 
•00038 

(>•87 

5*71 

30- 1 

29- 1 

•00045 

•00038 

0-72 

5-71 


2 1 30" 

31-3 

•00039 

5-81 

32-8 

•00040 

0-87 


1 

30 30" 

3l(i 

•00039 

5-82 

32-3 

•00040 

0-84 






4001 



45-40 


r 

0 0" 

28-r) 

•00050 

7 '55 

28-4 

•0005(> 

8-48 



0 12" 

29- 1 

•00044 

(i-lM 

29*8 

•00051 

7-04 

2ml l)<‘emnl)er I92r) . 

> 

•'1 

12 18" 

18 24" 

28-1 

29(i 

•00041 
i 00051 

(e59 

7-()3 

30-3 

29-9 

•00077 

•00051 

11-51 
' 7-04 



24 30" 

29-1 

•00051 

/•(U 

1 32-9 

•00059 

8-85 


1 

30 30" 

31*3 

•00045 

! ()-78 

33-8 

•00053 

7-93 






42-81 



52*05 


r 

1 

0 0" 

27-4 

•00043 

(r53 

27- 1 

•00075 

1119 


0 11" 

2s-3 

•(K)03s 

5-05 

2(>-5 

•00002 

9-24 

i2tli December 1925 

.< 

12 IS" 

18 24" 

30-4 

30- 1 

•00038 

•00032 

•rv7(> 

4-78 

29-5 

27-2 

•00014 

•00037 

0-0(5 

5-58 



24 30" 

31 0 

•00045 

(3-80 

28-8 

•00038 

507 


V 

30 30" 

33-1 

■00039 

1 5-90 

28-9 

•00038 

5-08 





i 

35-42 

1 1 

i 1 

1 

1 1 

44-02 






Loss OF iflTllATE FROM SOIL IK C. T. 


Table T. Period (a). 

f^owint) nilTulc nnd inoiMurc content of soil thTOVfjhout the yewr, 21st June 1925- 
Sth April 1926— contd. 


Majiuiikd plot 


NaNOg in dry soil 
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Table I. Period (a). 


Showing nitrate ami imistare content of soil ihroxighout the year^ 21st June 1925 — 

8th April 1926 — coiitd. 






Man u HE I) plot 




NaNOg in dry soil 


NaN( >3 in dry soil 

Date 

Depth 

Water 



Water 





on dry 



on dry 





soil 

(Inn. pel 

Lb. i)er 

soil 

tlrni. pel 

Lb. i)ec 




100 j^rin. 

aero 


100 f^rni. 

aero 

r 

0-0" 

23*4 

•00081 

12*34 

24*9 

•0013 

20-03 

1 

0 12" 

22 -n 

•00074 

1117 

23*2 

■(M)037 

8-33 

2Ist .laniiai’v 1020 . .< 

12-18" 

18 24" 

2 10 

23* 1 

*00082 

•00083 

12*13 

12-31 

2*3-0 

23*0 

•00084 

•00071 

12-38 

10-71 


21 - -no" 

2 or» 

•OO002 

9-24 

23*3 

•00001 

9-13 


no no" 

20-2 

•0(M)74 

1 1 07 

24*2 

•000()0 

9*04 





08*08 



7004 

r 

0 - 0" 

24 0 

•00009 

9- 10 

23*3 

•00097 

1402 


0 12" 

27- 1 

•00037 

3-38 

25*3 

•00073 

10-99 

28th January 102() . .< 

12- 18" 

20-4 

*00002 

9-21 

20*7 

•00002 

9*20 

18 24" 

27*2 

*00031 

4-03 

29*0 

•00003 

9*31 


2 1 - no" 

no*7 

•OOOC) 1 

9*03 

27*2 

•00002 

9-31 

< 

no no" 

31*8 

•00098 

14*70 

27-0 

•00050 

7*47 





62-UO 



01-10 


0-0" 

20-0 


14-80 

27-4 


15*85 


0-12" 

24*0 


11-72 

23-7 

•00098 

14*08 

Jrd Pobiuary 1020 . .< 

12—18" 

28-7 

•00070 

11*34 

20*0 

•00080 

12-95 

18-24" 

28*1 

•00009 

10*33 

25-7 

*00080 

12-85 


24-nO" 

31*2 

•00071 

10*05 

30*5 

•00077 

11-33 


no— no" 

ni-7 

•00071 

10*70 

29-3 

•00070 

11-43 





09*54 



99-29 

r 

0 - 0" 

2r)*(i 

•0010 

13-37 

24-2 

*00090 

14-40 


0 12" 

23*8 

•0013 

18*89 

23-3 

•0014 

21-49 

12lh February 1026 . 

12-18" 

24*0 

•00091 

13*01 

23-3 

*00090 

13-47 

18- 24" 

22*9 

*00093 

14*20 

22-3 

•0010 

13-07 


21 no" 

23*4 

•00093 

11*33 

2()-4 

*00092 

15-84 

1 

no no" 

24- 1 

*00084 

1204 

23*5 

•00078 

11-07 





89-30 



90-00 

r 

0 0" 

22-1 

•00077 

11-30 

21-9 

*00088 

13-23 * 

1 

0 12"* 

21*0 

•00070 

11*43 

21*9 

•001 1 

13*88 

1 

12—18" 

20*7 

•00093 

13-90 

1 20-3 

•0010 

15-05 

2()th February 192b . 

18- 24" 

231 

•00089 

13-40 

1 23-4 

•0010 

15-22 


24—30" 

25*2 

•00079 

11-80 

240 

*0010 

15-34 

1 

no- no" 

20*4 

*00071 

11-98 

24-9 

•00085 

12-74 





73-23 

1 



88*00 












170 


LOS.S OF NITRATK FROM SOIL IN C. V, 


Tabj.e r. Period (a). 


ShotvifUf niUatc and moisture atnlrni of soil throughout the year, 21st June 1925- 
Hth April 1926- contd. 


Ummajsurkd plot 


Manured plot 


NaNOa in dry soil NaNOa in dry soil 

VV'aL r Water 

i)i\ dry oil dry ' 

‘“^‘dl (Lni. ]». !• lib. ])er ►‘^^il Grin, per Lb. jier 
100 ^nn. acre 100 grin. aero 


iJdtli l'’cbrii:ii'y 


'Uli Maroli 1920 


0 0" 

0 12" 
12 JS" 
LS 21 " 

21 do" 

do d(>" 


noli Alarcli 


0 ()" 

0 J2" 
12 IS" 
IS 24" 
2 1 do" 
do dO" 


ISth Maivli 1020 


ir»lli Marcli I92o 


0 0 " 

0 J2" 

12 is" 
IS 24" 
2^ do*- 
do d(i" 



If I I r r 
II I ! r r 


.1 


MAUCN 




i ft . • 
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Table 1 . Period {a). 


Showing nitrate and aajistare contmt of soil throughoal the year, 21st June 1925 — 

Slh A})ril 1920 cone Id. 





l is MANUK Kl) 

ri.oT 

MaNUKKI) ul 

OT 





NaMU i ill di V .soil 


NaiSJU^ in dry soil 

Date 


1 )«[)< li 

Vo Watr>r 



Water 













Mil ih’v 

(ilrm. pn 

LI), pt r 

Mil dry 

(Irni. per 

JJi. per 




.soil 

loo <^i in. 

lurc 

.'<Mil 

100 grin. 

acre 




0 (•/' 

lU 2 

-ooi:! 

2i)IO 

12-0 

•0011 

22*42 




li 12" 

22 -U 

00070 

III.) 

2 1 -2 

•0010 

ll'TS 

Miiroli I02C> 

j 


12 IS" 

21-11 

oooiio 

0 07 

2:C2 

•0011 

1()-00 



1 S 21 " 


•ooooo 

0-00 

22- S 

UOOS 1 

12-10 




21 

2 so 

-00000 

io-:{2 

2r>*0 

•000.S1 

I2-S2 




:{i) :;r." 

2S-0 

•0007.) 

1 I-2.1 

2.1 0 

•00007 

1011 









SO-81 



r 

0 li" 

10-.) 

•ooi:{ j 

20-2.1 

o-:{ 

•0021 

:{o-8s 




li 12" 

21-U 

•ooo:):i 

7-0;1 

11) -2 

•0000 1 

i:C72 

Sth April 1U2U 

j 

'1 


12 IS" 

IS 2 r 

2:pu 

22*0 

•00012 

•000-17 

0-21) 

7- 10 

22-0 

2.‘C.1 

•oooi:{ 

•00011 

7- 01 

8- os 




24 :\o" 

2.*ili 

•000.1.-) 

S-21 

210 

•00014 

S-12 




;{i) :{ii" 

27'li 

•000.-, 0 

s-l 1 

2o-:i 

•00011 

S-;U) 






.1S-21 



8;poi 


The above ligiires are (expressed in diagrammatic iorm in (Jhart 1. It, will be 
se(‘n that wIkmi th(' exj)eri]nent was lirst started tlic' soil already contained an ap- 
preciable (piantity of nitrate. This is obviously due to the fact tliat several inches 
of rain had already fallen. A com])aTison of the moisture content of the samples 
taken on 21st June 1925 with those taken at the beginning of the hot weather on 
8th April 192b, i.e., when the soil had been drying out for s(iveral months vshows that 
the moisture in the lower depths was similar on both occasions. The rainfall up 
to. 21st June 1925 had therefore only affected the moisture content of the top 6"' 
of soil and it is in this top G" that the greatest increas(i of nitrate has taken place. 
In the case of the unmanured plot there was no nitrate at all in the 3rd foot of soil 
but the manured plot contained nitrate at each deptli sampled. The mamired plot 
is seen to contain much more nitrate than the unmanured plot. Before the second 
sample was taken on 25th June J925, a further 2-3" of rain had fallen and this was 
sufficient to increase considerably the moisture at lower depths. This extra rain- 
fall also largely increased nitrification and both plots contained at this time theii 
maximum nitrate content. 
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LOSS OP NITRATE FROM SOIL IN C. P. 


The drains under the plots did not start flowing until 8th July. The drains are 
laid at a depth of and on Htli July when they first started running the layer 2' 
—2' 0" deep h(‘ld :V2 5 and ‘M 4 ])(‘r cent, of moistuTo in the manured and unmanured 
plots r<‘spect ively. On ihe Ist- duly these same layers held 1 and 29 8 per cent, 
of moisture, respect i\’(*ly and a])par(*ntly drainage does not take place until this 
figure is exceeded. Altliough th(‘. drains did not flow until July 8th, yet a considera- 
tion of lh(‘ analyses made on 2r)th June and 1st July shows that the moisture was 
st(‘adily moving downwards taking with it the nitrate formed at the surface. 

'IJie. drains ran pract icallv coni Inuously throughout July and the heavy rains bet- 
wa‘en 7th and bitli Julv very largely <h‘pletcd the nitrate stores in the soil. In the 
second half of July only a. light sprinkling of rain w'as received. Nitrates again 
accumulated in the surface (>" layer of both ])Iots. On the 29th and !h)th there wars 
a- fall of about o'" of rain and tie* samples of oOfli July were taken after this. It wdll 
Ix^ seen that the soil lost nearly all its nitrate. There' ap])eared to lie some increase*, 
ill niirates in tlu' samples talon on rlu* bUh August, imt in general from this date 
ou\var<ls in» furtlu r aceiimulat ion of nitrate took ])hice in the soil. By October 
the. surface soil had drii'd considerably. On OctoIxT ihth a fall of U" rain occurred 
and there wne furtlu r light fa’.’s on 2t)th and 2<^th October. An appreciable in- 
cH'ase ill the soil nitrat(‘ ('.specially in tlu‘ surface (>" oc( iiiTed as a result of these falls 
of rain. Tlu' eharl will show otluu' eases w her(‘ a liglil fall of rain w\as followed 
suhseepientU by an increase in soil nit rati*, c.//. tlx* rainfall at the* beginning of January 
is obviously eomieeted wii h the iiitrate.iuerease in the samples taken on IClh .lanuary 
and subs(‘(jueut dati's and the iiiiTease in nitrate at the end of March and in April 
is also coiiiH'cic'd with the light rainfall received just previously. 

Conclusion, 

A coiisidiuaiion of the aliove rcsidts brings forth several definite points : 

(1) Shortly after the onset of the rains nitrification })ecomes very active, 
'riie maximum amount of nitrate in the top 3 feet of soil was found 
on 25th June after ahont (>" of rain had fallen. The unmaiuired and 
mamiri'd plots contained nitrate nitrogen eipiivalcnt to 240 lb. and 
310 lb. iiitrati* of soda per acre in the top 3 feet respectively. Since 
the crop was sown on lOth June the presence of such large stores of 
nitrate in the soil at this particidar time appears to be useless to 
the crop ospec ially as only 30 - 10 lb. of it is present in the top 6". If 
tlie cro[> could lx* sown earlier so that the plants arc large enough to 
take .ulvaiitage of tlie large stores of nitrate present at this time 
it w on Id he of gr eat advantage but unfortunately moisture conditions 
in the soil an* rarely favourahle lor the very early sowing which 
would be necessary to enable the crop to develop in time to profit by 
the large stores of nitrate produced early in the rains. 
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(2) The effect of a heavy fall of rain in depleting the nitrate found in the soil 

is well seen in the Chart. Top-dressing with nitrates should obviously 
be done immediately after such heavy falls, as the growing crop is 
likely to be short of nitrate for some time after they occur. 

(3) There appears to be a large loss of nitrate from the top 3 feet of soil dur- 

ing the rains. One can compute from Table I roughly the amount of 
nitrate of soda which is lost from the soil presumably by drainage 
during the duration of the experiment. The figures are roughly 480 
and 620 lln of nitrate of soda per acre for the unmanured and 
manured plots respectively. These figures have been obtained by 
noting the first maximum amount of nitrate found, viz,, on 25th eJune 
there, were 2 10 and 340 lb. nitrate of soda present per acre in the toj) 3 
feet of soil. On the 15th July these amounts had diminished to 131 
and 169 lb, nitrate of soda a loss of 109 and 171 lb. respectively. 
On 22nd July th(‘ nitrate had iiicr(‘ased to 188 and 281 lb. n'spi'c.- 
tiv(‘ly and had diminished to 60 and 91 lb. by 3rd August a 
further loss of 119 and 100 lb. respectively. Proceeding in this way 
the total loss of nitrate of soda per acre from the uumanured and 
manured plots is found to roughly 480 and 020 lb., respectively. 

The results for the ])eriod (/;), viz,^ IGth April 1026 and 28th 0(?tober 1926, are 
6ct out in Table II. This table is set out in the same manner as Table I but as 
explained previously four plots were under experiment during this period. 
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LOSS OF NITRATE FROM SOIL IN C. P. 


Table II, 


ShowiMj nil, rale ami luoklare content of soil throughout 




tJMliOlM’KDAIMOA 



rNMAMJHKI) 1’ 

LOT' 

MaNUHKI) l*LUT 


1). pill 


NaNOy in ilr\ soil 


NaJMO., 

in dry soil 



VV.lt.4T 
on <lry 



W'atiir 
oil <lrv 





II). |HM‘ 

(Inn. pop 

Ib. per 



.><011 

<{rm. per 

soil 



jnn ^rm. 

ju ro 


inn;;nn. 

aero 

f' 

0 <» 

00 

•nni2 

17*S!) 

S-0 

•ono7r, 

1 1 -3 1 

1 

0 12 

iss 

•nnnr»s 

in-20 

20-S 

•nnnoo 

5-24 

Kitli April < 

12 Is 

20*2 

•nnnon 

117 

20'n 

•00024 

3-57 

IS 21 

20S 

•nnnon 

4 -on 

25-2 

•ono2i 

3-05 


21 on 

211 

•nnnon 

100 

20, -2 

•onois 

2-77 

v. 

on ;pi 

211 

nnnon 

4 00 

2S- 1 

■OOOOl 

4-71 





to- 17 



31 -28 


(f - r, 

On 

•nnno7 

inni 

in-0 

-onoon 

S-02 


0 12 

20-0 

•non 12 

0'2S 

2 1 -4 

■00021 

3-57 

:{Otli April 1020 - 

12 IS 

IS 21 

27- 1 
on -2 

•nnnoi 

•nnno2 

010 

4-70 

20-2 

2S-4 

•00010 

-00010 

2-27 

2-80 


21 on 

Oil 

•nnnoo 

1-OS 

27-J 

•00020 

315 


on 00 

2.S--1 

•nnooi 

1-71 

27-0 

•00027 

4-11 





00-02 



2508 

r 

n 0 

01 

•nnin 

10*01 

in-n 

•onio 

15-48 


0 12 

in-o 

•nnnr>7 

s-oi 

2n-n 

•00000 

10-38 

Lllli Miiy J 

12 IS 

20-n 

•non IS 

7*11 

24*!) 

•ooooo 

5-40 

IS 21 

2S-2 

•nnnon 

7'0*’ 

2S-7 

•oOOOn 

7-50 

1 

2 1 on 

on 0 

■nnnos 

077 

2S-2 

•00041 

0*58 

1 

;'.n 00 

on -0 

•non 10 

ii'70 

on-i 

•00002 

4-70 





01 ns 



50-25 


n 0 

20-2 

•ni ?20 

22-77 

02-1 

•noil 

21-52 


0 12 

20S 

•nnoo 

on-n7 

01-0 

•ooir> 

23-25 

ilst May Itt2l« 

12 IS 

200 

•nnnoo 

8-00 

2S-8 

•ooooo 

7-57 


IS 21 

2s-2 

•nnno7 

.sr>2 

27-4 

ooooo 

7’40 


2 1 on 

27 n 

•niHioo 

S'OO 

20*2 

•00040 

7-37 

V, 

on oti 

20- 1 

■nnnoo 

S-20 

27-0 

•00050 

7-50 





ino'0 1 



74-07 

r 

n o> 

2.>-0 

•nn2»> 

os-47 

27-0 

•0035 

51-30 

1 

0 1 2 

17 2 

•nnnoo 

14-20 

200 

•0010 

24-73 


12 l^ 

211 

•nono4 

o-so 

22S 

•00005 

14-20 

2 nil M.iv III2I1 ^ 

IS 2 i 

2 in 

•nnnvo 

in-02 

20-0 

•OOOlil 

0-15 

1 

21 -on 

2s:; 

•nnnoo 


on*o 

•00004 

9*01 

1 

•in — t)ii 

on-o 

•onno4 

0-04 

27-4 

•0001)2 

9*33 




1 

02 00 



119-38 
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PERIOD (6). 

the 'ijeriod 16th April- 28th October 1926. 


(I^OPPEJ) AREA 


irMMANUKKli PLOT 

Manukki) plot 


NaNOa in 

dry soil 


NaNO;, in diy soil 

VVaU'i- on 



Water on 



dry fcioil 

(Irm. per RHI 

lb. per 

dry soil 

(Inn. per 100 

11). JX'T 


,^mn. 

aero 


i»rni. 

acre 

8*5 

•9012 

18-24 

71 

•0014 

20*94 

21*0 

•00017 

70 

17-4 

•00078 

11*77 

21*5 

•00042 

0-44 

20-8 

•00058 

8-72 

50*1 

•000.48 

5-78 

24*10 

*00054 

8*04 

:u*9 

•000.49 

5-88 

24 9 

•00040 

4*5.1 

:{:{*4 

•00040 

.p90 

2r»-.i 

•00025 

4*70 



49*19 



57*71 

10*4 

•00004 

9-49 

7*0 

*0010 

15*04 

21-9 

•00054 

7-97 

19-0 

•00057 

8*5r> 

25-7 

•000.40 

5-48 

25-2 

•ooord 

914 

2(>*(i 

•000.4() 

5-47 

27*0 

•0005«i 

8-4 1 

29*9 

•000.48 

5-71 

40*1 

•00048 

5*75 

28*4 

*00044 

0*07 

280 

•00040 

4*47 



40*09 



51*45 

11*4 

•0010 

15-74 

9-1 

*001 1 

16*84 

17*8 

•00050 

8-4.1 

15 0 

•00096 

11*47 

24*7 

•00042 

0*45 

21-4 

•00058 

8-77 

25-1 

•0004.4 

0*48 

29-9 

•00051 

7*64 

233 

•000.46 

5-47 

24-7 i 

•00018 

7*2(> 

25-2 

•00040 

5*47 

25-2 1 

•00044 

6*48 



47-75 



5S*4() 

32’ii 

•0012 

1704 

42-5 

•002 

29.-15 

20*9 

•0015 

2314 

21 2 

.0012 

17-52 

28*5 

•00075 

11*42 

20- 1 

*0011 

16*56, 

291 

•00070 

11-49 

20-8 

•00099 

14-84 

80*5 

•00058 

8*65 

271 

•00050 

7-44 

ao*4 

•00008 

8-04 

28-5 

•00064 

9*44 



80*78 



95*14 


•0020 

48-94 

20-1 

*0042 

47*82 

20*8 

•00099 

14-84 

10-4 

*0014 

19*98 

22-9 

•00089 

14*48 

2.41 

•00084 

12*51 

24*4 

l^-ooooo 

9*95 

24-1 

•00066 

9*94 

26*5 

•00002 

9*25 

28-4 

•00069 

10*46 

27*0 

•00008 

10*22 

250 

•00085 

12-75 



— 



' -- • 


96*58 
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L0S8 OF NITRATE FROM SOIL IN C. P, 



IJ N MA N {/RED PLOT 


Manured plot 


NaXOj iti dry soil NaNOj in dry soil 

! Water 

on dry . ^ 

(Jrin. [M-r lb. pio* ‘ Grni. per . Ib. per 

100 grm. acre 100 grin. acre 


|s(, .hiri.^ I02( 


' n IS 21 
21 :io 
;{o :ui 


1th June 102»i . =; 


!)th Juno 1020 


n .*10 30 


loth Juno 1020 


2 1st Juno 1020 , 
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PERIOD (b) — contd, 

the period 16th Ajyiil — 28th October 1926 — contd. 


CHOPPED AREA 


Unman UR J2D i*lot 

Manuked plot 

% Water on 

NaN 03 in dry soil 


NaNOj ill dry soil 






tlry soil 

Orm. j)cr 

lb. per 

% Water on 

Urm. per 

lb. per 


100 grm. 

aero 

dry soil 

100 gnu. 

acre 

18*1 

•0024 

35 02 

21-2 

•0050 

71-82 

2PS 

•00071 

10-58 

18-1 

•0015 

2205 

2PU 

•00091 

1305 

23-8 

•0011 

l(>-20 

20*7 

•ooo9;i 

13*90 

22-9 

•00095 

14-27 

27vS 

•00044 

0-50 

28-1 

•0005(i 

8-44 

28*7 

•00057 

8-50 

2()-(i 

•00007 

1012 



88-81 



142-90 

1P7 

■002:t 

34-32 

12-0 

•0017 

25-54 

18-G 


11 09 

18-0 

•00090 

13-50 

22-0 


8-09 

210 

•00058 

8-74 

21-8 


7-05 

22-9 

•00059 

8-92 

2f)*S 


7-42 

24-7 

•00054 

8-17 

25-2 

•OOO'Jl 

1308 

240 

•00051 

811 



81-05 



73-04 

10*2 

•0031 

40-50 

11-9 

•0033 

4900 

IHI 

•00 Hi 

23-70 

14-3 

•0015 

21 -9(i 

2M 

•00088 

13-20 

24-0 

•000()() 

9-92 

20*5 

•00080 

1201 

25-5 

•0000 l 

9- 1 4 

29() 

•00070 

1 1-37 

24-7 

•00042 

0-30 

29*8 

•00051 

703 

25-8 

•00055 

8-27 



1 14-53 

• 


104-71 

2 10 

■0020 

38-49 

20-8 

•0045 

08- 13 

25*2 

•00097 

14-59 

27-4 

•0019 

27-99 

200 

•00049 

7-10 

27-7 

•(X)08l 

i2-Hi 

270 

•00037 

50 1 

27-4 

•00050 

7-40 

27-7 

•00031 

4-08 

30- 1 

•0(HM5 

0-70 

2s:i 

•0(M)31 

4-70 

28-3 

•00050 

7-53 



75-47 



129-97 

I2r> 

•0020 

38-25 

10-7 

•0058 

80-79 

20-:i 

•0010 

24-31 

2*^-9 

t)02l 

32- 13 

2:pr> 

•00090 

13-45 

28-« 

•0010 

15-03 

2r>*2 

•00091 

13-07 

25-8 

•00079 

1 1 -93 

280 

•00050 

7-55 

30- 1 

•00070 

10-53 

290 

•00051 

7-03 

30-9 

•00004 

9*04 



104-86 



100-05 












178 


LOSS OF NITRATE FROM SOIL IN C. P. 




IJNCROPPEI) AREA 


UnMANURKI) tlot 


WiiR^r 
nil dry 
soil 


mil .liirio i92(i 



Util duly IU2(I 


12 

IS 

\s 

21 

2t 

dO 

do 

do 


lIlliduK IU24i 


!M li .) Ill \ I U24> 


»llh duly Md2«. 


Manured plot 


NaNOj 

n dry .soil 

thin, per 

lb. per 

100 ‘^nn. 

at: re 

•OOdd 

4902 

•00 Id 

lS-87 

•000 IS 

7-10 

•0001)1 

Id 09 

00042 

0-d4 

•00000 

8-00 


10404 

•001 1 

2077 

•0022 

d24)] 

•002d 

d4 04) 

•0021 

dl-00 

•0012 

1 8*70 

•OOOOi 

13-71 


151-87 

•00007 

14 *50 

•(MOSO 

12-07 

•000S2 

12-25 

•0010 

15-72 

•0010 

2S-04i 

•0018 

20-7d 


110-32 

•04IJ2 

17-73 

■0010 

15-78 

•0(M>74i 

1 11-35 

•ooosd 

12-51 

•00070 

1 1 -02 

•04)007 

' 10 4)5 


79-31 

4)01 (i 

21-30 

•4)011 

10-50 

•OOOOti 

0-05 

•00070 

1 i-oo 

•04)008 

lJ-73 

•04)4)00 

14-.MI 


02-33 1 


Water 
on dry 


NaNOa 

in dry soil 

(h-m. per 

lb. per 

100 grin. 

acio 

•0047 

70 00 

•0013 

20-29 

•4)0058 

8-75 

■0015 

22-57 

•00059 

8-92 

•00000 

001 


139-54 

•OOlS 

27 01 

•04)10 

24-00 


3405 

30-54 

•0018 

27*58 

•0015 

22-71 

100-55 

•0014 

21-84 

•4)014 

24)-()2 


35-20 

43-27 

•4)028 

42-07 

•4)023 

34-75 

197-84 

•0027 

44)-90 

•001 S 

27-54 

•0020 

29-70 

■0023 

35-74 

•4)032 

47-02 

•4)4)28 

11-50 

223-0(*) 

•4)034 

51-21 

•0010 

28-93 

•4)018 

20-94 

•0010 

24-30 

•0017 

25-32 

•4)4)14 

20-92 


177-68 
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FEBIOB (6 ) — ccmid 

the -period 16lh April — 28th October 1026 coiitd. 
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LOSS OF NITRATE FROM SOIL IN C. P. 



UXt'KOPPKI) AREA 


rN.MANl’KKI) I'LOT 


Majiurkd plot 


W-Airv 
on dry 
.soil 


NaXO-i in drv .soil 


(Inn. jWM- lb. |KM 
KHJ <'rin. aero 


.inlv iiyd 

1 

IS 21 
21 :;o 
;io ~;{d 


0 (i 
b -12 

Dill Aui^u.st lDll()<^ 

1 

12 IS 
IS 21 
21 :id 

i 

:id :iii 


(1 • (1 
<} 12 

Util .\iiL,oi,st^ 

12 IS 

■ 1 

IS 21 

21 :n) 

1 

;{u -:{b 

r 

0 (i 
b 12 

Auiriist 

12 IS 
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PERIOD (6) — contd. 

the period 16th April— 28th October 1926— cowiA. 


CROPPED AREA 

U N JM A^’ It i: IJ PLOT 

.MaM'KKI) i'LoT 

% Water 

NaXOa ill 

dry suil 

‘W Waler on 

Xa\l)., in tliy sod 





oil dry 
soil 

Orrii. ])(^r 

11). per 

dry soil 

(!rni. per 100 

lb. per 

1 00 i^nii. 

aero 


grin. 

aero 

;i2i 

•0030 

44-83 

32-2 

-0027 

40-99 

300 

•0017 

24*88 

31-9 

-0022 

33-12 

32-5 

•00008 

1 1*08 

31-8 

-0022 


33-3 

•001 1 

21-09 

31-0 

-0019 

29*14 

33-3 

•OOJ () 

23-()7 

31-2 

-0019 

28-84 

3P8 

•0013 

23-32 

33-1 

•0019 

29-08 



133-09 



194-23 

38- 1 

•00082 

12-30 

11-2 

•0013 

19-00 

34-7 

•oooso 

12-00 

39-0 

•001 1 

20-77 

35-3 

•00080 

12-03 

30-4 

•0012 

18-23 

30-4 

•000()8 

10-11 

37-0 

•OOJO 

15-31 

37-0 

•00000 

1 P3 1 

378 

•0014 

20-33 

38-4 

•00089 

13-42 

38-9 

•001 1 

20-71 



71-31 



114-08 

37-0 

•0011 

10-n 

39-0 

•0013 

19*74 

34-3 

*001 1 

13-92 

37-1 

•0011 

10-31 

33- 1 

•0010 

13-02 

33-8 

•0010 

13 08 

3()l 

*00088 

13-18 

30-1 

•0010 

15-21 

37*1 

00088 

13-28 

39-2 

•0011 

10-02 

37-5 

•00000 

11-33 

39-3 

•0011 

20-82 



88-10 



K‘3-81 

37-0 

•00033 

8-21 

410 

•0011 

15-90 

30*4 

•00034 

8-11 

37-1 

•00003 

11-33 

33-1 

•00032 

7-80 

371 

■00082 

12-21 

34*7 

•000(i7 

9-99 

33*3 

•00074 

1 1 -07 

33-0 

•00039 

8-89 

33-4 

•00091 

1 i-07 

3o-l 

•00007 

1001 

37-0 

•00089 

13-34 



33-07 



80*98 

35-r> 

•00080 

12-08 

39-9 

•00091 

13-00 

33-3 

•00083 

12-82 

37-0 

•00082 

12-21 

33-4 

•00072 

10-83 

30-1 

•000117 

10-11 

33-0 

•00039 

8-90 

34-9 

•00007 

10-01 

3S-() 

•00008 

10-28 

37-8 

• 00:3 

22-00 

37-1 

•00073 

11-24 

37-5 

•0010 

21-(i2 



— 



• - -- - - 



00-17 



, 93-13 


c 
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LOSS OF NITRATE FROM SOIL IN C. L\ 


Table II 


Showing nitrate and moisture content of soil throughou 




2ii'l J 

11)213. '1 


Sth St^plombcrJ 

1020. 


I 


22ii(l .Si‘p(c'iiilx*r 
1920. 8 


28th »SoptoniU’r i 
1920. S 


JK-plli 


o <; 
0 J2 
12 l.S 


(\ 

loth »So])loinl.K*i’J I 

1920. 


UNCllOPFED AREA 


IS 

21 


;jo 


;j() :j(» 


Cl 

12 

IS 


12 

IS 

21 


2 1 :io 

;{() 20 


0 - 0 
0 12 
J2 IS 
IS 21 

2 1 :]o 
2 u ao 


0 

0 

12 

IS 

21 


.‘{0 ao 


0 

fi 

12 


1 s 21 

2 1 ao 
ao ao 


Unman LKKO jlut 


Wal.-r 

Oli 

.soil 


a si 
aoa 
as* 7 
ao*7 
ao*!> 
a 0-2 


; '*i 

ail 
:;i*(i 
27 1 
ao'a 
27*1 


21*4 
22*2 
all 
a 00 

29*9 

29*2 


24*7 
21*0 
21*1 
22*0 
aos 
1 0-7 


.»2*S 

22 -.) 

:’.a*9 

20*4 

27*9 

41*0 


A.iAUj ii» dry .soil 


(irm, [»c‘r 

100 iii-iii. 


*OOOS2 
•OOOOS 
*00009 
*00070 
*(M *02 I 
*00007 


0009.) 
*00079 
*00072 
•000*) I 
* 000 .)*) 
*0007.) 


*00092 

*0*1071 

•(Hjo.ia 

•*)00.>t 

*000* ia 
*00070 


•0**21 

•00*)71 

•*)oo*;o 

**)**07 1 
•00*>.")0 
•01*070 


•*»007.s 

•0(M)l(i 

•00040 

•ooo:m 

•000 IS 
•00070 


11). pL‘r 
acre 


12*20 

10- 14 
10*22 
10*47 

S*ll 

10*12 

01 ’58 

1 i*aa 

11- 92 
10*97 

9*21 

8-27 

11-21 

. 00-04 

12 '9.3 

10- 72 

7- 91 

8- 09 
9*10 

11*40 

01 *02 

21-02 

10-00 

8-91 

11*08 

8*2.3 

10*21 

80-29 

11- 70 
0-81 
2*94 
2-07 
7-20 

10- "*8 

47-29 


Manuuko plot 


Water 
on dry 
a oil 


40-2 

20-8 

27-2 

27- 0 

28- 8 
27-9 


27-2 

20-2 

24-8 

22 -) 

41*4 

41-8 


20-4 

22-0 

22-4 

24*7 

27-9 

281 


35-8 

24-4 

24-i 

220 

29-9 

28-2 


22-9 

22-8 

24-1 

22*5 

27-2 

40-0 


NaNOs in dry soil 


Grm. per 
100 grin. 


•00098 

•00075 

*00001 

-00008 

•00009 

•00002 


•0010 

•00081 

•00007 

•00007 

•00071 

•00085 


•0020 

•0010 

•00052 

•00052 

•00002 

•00009 


•0024 

•0010 

•00071 

•00052 

•00077 

•0014 


•0011 

•00052 

•00040 

•00052 

•00041 

•00050 


lb, per 
acre 


14.72 

11- 19 

9- 2] 
10-26 
10-27 

9-25 

05-00 

15-22 

1219 

9-99 

10 - 02 
10-02 

12- 78 


70-94 

30-42 

15-72 

7-90 

7-99 

9-24 

10- 29 

81-50 

35-34 

14- 94 
10-00 

7-90 

11- 51 
2107 

101*90 

15- 84 
7-84 
0-95 

7- 90 
0-14 

8- 44 

63-11 
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PBBiOD (6) — conld. 


tJie period 16th April — 'ISlh October 1926 — contd. 


CltOlTEJJ AJiEA 


U .N M A N U It JiD rLO r 

.MA.NUllhil ruiT 


NalS'O^ ill 

ilry hoil 


XaNOj ill dry soil 

Vq Water 



Water 



on dry soil 

drill. [»•!■ 

11). per 

on dry soil 

(Inn. per 

lb. per 


100 grill. 

acre 


100 grm. 

a ere 

:}()•:{ 

•oooss 

13-10 

39-8 

■(M)j 1 

10-74 

33-0 

•00079 

11 -83 

130-2 

•0009 1 

1417 

3.VJ: 

•00007 

JO MM) 

3 7 1 

■00073 

11-21 

32*2 

•0007 J 

10-73 

3.) -8 

•O0«)0O 

9-(»7 

37t 

•oooo.s 

10-21 

39-3 

•OO009 

1012 

39S 

•00077 

11-32 

10-9 

•00070 

10-30 



07‘30 



7217 

34-(i 

•90030 

11-97 

39- 1 

•00097 

14-32 

32-3 

•OOOOo 

9-73 

33-7 

•00000 

9-89 

34’« 

•00007 

9*99 

33-2 

•00007 

1003 

33-2 

•00000 

9-S-l 

33*8 

•00031 

8-08 

3(i-2 

•0003 1 

8-10 

37-0 

•00033 

821 

30-9 

•00001 

917 

37- 1 

•00053 

8-21 



38-82 



58-94 

34- 1 

•00000 

9-93 

33*0 

•00094 

1411 

32-0 

•00032 

7-78 

34*4 

•00000 

9-90 

31-9 

•00032 

7-78 

33-0 

•00053 

7*90 

32T> 

•00010 

0-84 

33-8 

•00010 

000 

3G-2 

•000 17 

7-08 

37- 1 

•0001 1 

013 

37-9 

•00018 

7-19 

39-2 

•00009 

10-41 



40-00 



51-57 

33-0 

•00000 

9-87 

37-0 

•0011 

20-40 

321 

•00032 

7-79 

33 0 

•00087 

13-02 

33- 1 

•00039 

8*80 

33-7 

•00079 

11-80' 

370 

•000 IS 

7 11 
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•00033 
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32-5 
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•00020 
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4-11 
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Table II, 

Showing nitrate and moisture content of soil throughout 
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PERIOD (6) — conld. 


the period 16th April— 28th October 1926 — contd. 


CROPPED AREA 


Ummanuukd plot 

Manured plot 


NaNOa in 

dry soil 


NaNOg in dry soil 

% Water 



% Water 



on dry soil 

Grm. per 

lb. per 

on dry soil 
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100 grm. 
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•00033 
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0-50 

311 


5-79 

30-8 


4-81 

37-5 

•00034 

5-13 

32-8 

•00033 
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The above figures arc set out diagrammatically in Chart II. 

Tlie first interesting point in regard to the above table arises out of the first 
two sets of analyses carried out on 16th April 1926 and 30th April 1926 respectively. 

By comparison with tho. figures for the same, plots ill Table I, it will be seen that 
between 8th to Kith April 1020 a distinct loss of nitrate has taken placp in these 
plots and on 30th April 1020 the loss is much greater, being particularly marked 
in the surfaci! 0". Since there was no drainage; at this time and no crop on the 
land, the nitrate has either siifiero( I denitrificalion or has undergone transformation 
into some other compound. 

^rhe slight falls of rain in early April amounting to about 1" in all have caused 
a distinct increase in tlic nitrate content of the soil sampled on 13th May 1926. 
Yet at the date of sampling, the surface soil only contained from 9 to 10 per cent. 

'^loistiire. This is too low a eont(*ni to allow of nitrification and it would appear 
that nitrification must lx* a fairly rajiid process and that the rain falling between 
7th and Titli May was suffieient to raise the moisture say of the top 1 or 2'' of soil 
to the necessary coiit(‘nb for nitrification and that this process set in almost 
immediately. 

Before the lu'xt samjile was taken on the 21st May nearly 5 of rain fell. This 
amount of rain at such a date is abnormal at Nagpur. It is interesting to note that 
it only aflectcd the moisture conti'iit of the lop 18" of soil. On the uumanured 
plot set a jiart for cropping, it ajipears to have a Hooted the nnusturc content through- 
out the top trfiri'C f(‘(*t wlu'ii the tigur(‘S are compared with those of the sample taken 
on the 13th May. These latter ligures appear to lie low, however, and comparison 
with the 8mn])le taken on 16th and 30th Ajiril indicate that this 5 of rainfall has 
not afiected the soil lielow 18" in depth. 

Tlie nitrate content of the soil showed a large increase as a result of this 5 fall 
of rain. On the 2 1st and 22nd iMay there was a further fall of of rain. The plots 
were again sam])led on the 2‘lth May and the top 18" of soil had dried out con- 
siderably as a. result of the 2^ days intcr\’cning dry weather. Tlie nitrates, 
however, si ill further increased in amount and Chart II indicates clearly that this 
extra nitrate formation has taken jilace in the top 6" of soil. Moreover, it is 
obvious that more nitrification has taki'ii ])]ace on the manured than on the 
uumanured plots. Tin ro was practically no ’nore rain until the 1st July except for 
a few very light, showrs. The soil steadily dried out as evidenced by all the 
sainjiles taken nj) to and including those of 9th June. The nitrate remained 
fairly constant fnun 24th May to 1st June except for a large gain in the surface 
6*' of the manured plot destined for cropping. In the sample taken on the 4th 
June this })Iot. again behaved abnonnally losing about its nitrate in 3 days, 
whereas tin* nitrate i ontent of tlie other plots remained fairly constant. The loss 
of nitrate in this one jdot was undoubted, being far outside the experimental 
error and is dilfieult to aeeonnt for. After this dale there was in general a fairly 
steady gain in nitrate in all the plots right up to the end of June. Yet the 
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moisture content of the surface soil throughout this month was usually between 
12 and 16 per cent. Black cotton soil with this content of moisture appears very 
dry and work in this laboratory in the past has indicated that no nitrification 
takes place in the soil when the moisture content is as low as this. But in the 
field nitrification obviously does take place inider these conditions. In the 
samples taken on 16th June, tliere is a distinct nicroaso in the nitrate content 
over those taken on the 9th June and it seems hardly })ossible that this incrcas(^ 
could have been due to the *05" of rain received on the night of the 15-1 6th 
June- a few hours before the samples of the IGtli were taken. Tlie figures and 
Chart for June again show clearly that the nitrates uro being formed mainly in the 
top &' of soil and that the manured plots are richer in nitrates than the unmanured 
plots. 

The rains broke in full force early in July and a])])roximately 12" of rain fell 
between the 1st and 9tli July on wliieh hitter date the next samples were taken. 
The Table shows that on this date the moisture eontiad) throughout the whole 
.3 feet depth was uniform in the eas(‘ of each plot, running from 35-10 per cent. 
The nitrate was more or loss evenly distTibutetl throughout the 3 feet layer of soil, 
as is well soeji in Chart 11. There was, moreover, a still further increase in the total 
nitrate content of the soil. This increases probably took place between the date of 
the last sampling 30th June and the heavy rainfall recorded at 8 a.m. on the 4th 
J uly and possibly to some extent on the fith and 7th July when tluTC was a slight 
break in the rains. The drains began running on the 10th July and this flow was 
kept up in full force by a further fall of over 6" of rain before the next samples were 
taken on the 14th July. A large amount of nitrate passed away in the drainage 
water and no doubt much more jiassed below the reacli of the drains. In conse- 
quence, the nitrate content of three of the ])lots sufiVred a large loss ; yet strangely 
enough the uncropped manured plot showed an actual gain of nitrate. Only a few 
light showers fell between the I4th and 19th July, on wliieh latter date the next 
samples were taken. The drains ceased to flow on the 15th and did not run again 
until early in August. On the 19th Jidy the moisture content of the top one foot 
of soil was 3 to G per cent, less than outlie llth July. ISdtrifi cation had obviously 
restarted as shown by the increase in the nitrate content of the top 6" in each 
plot. There was distinctly less nitrate in the bottom foot of tin* uncropped un- 
manured plot than was present on Ihc 14th July. Except for a very light shower 
of *03" on the 23rd, no rain fell between the 19th July and the date of the next 
sampling — 24th July. Nitrification had gone on distinctly in the top 6" in all cases 
as shown by the increase in nitrates in that lay^r and this was particularly maiked 
in the two manured plots. The uncro])ped manured plot, ]iow(‘V(‘r, showed a loss of 
total nitrate in the whole 3 feet since the previous sampling. .Since tlicrc was no 
drainage at this time, it would appear that denitrification hns taken place. 

Nearly an inch of rain fell before the date of the next sampliiig on the 29t]i July 
and on this date there was a considerable increase of nitrati', in all the. plots since 
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the previous sampling. The 1" of rain, however, had washed a good deal of the sur- 
face nitrate down into the second foot. 

A further 6" of rain fell before the next samples were taken on 9th August. The 
flow from the drains restarted on the 4th August. 

Tt will be seen from Table II and from (liart No. II that much loss of nitrate 
had tak(Ui ])laee from tin* soil. Eain fell more or less continuously throughout 
llie month, th(^ draiiis ran regularly and the nitrate content of all the plots showed 
a. stt'ady fall throughout August. From the 2:ird to tiCth of the month there was a 
sliglit break in the rains and in the samples taken on the 24th a very slight recovery 
of tile nitrat(‘ contc-nt- Avas indicated. Throughout tlie whole of August the moisture 
ennteut in all the plots Ihrough the top 3 feet Avas almost always over 35 per cent, 
and fri'quently reaelu'd 40 ])(‘r cent. 

Tlui drains AV(‘r(' still running baddy Avhen the next set of samples was taken on 
the 2n() Septiunlier and a fui*ther sliglit diminution of the nitrate content of the soil 
Avas obs(‘rv(‘(l. 'Hn* crop at lids lime Avas now becoming quite big and throughout 
S<‘pt<‘ml)er and th(‘ (irst lialf of October the nitrate content of the cropped plots 
was slejidily l(‘ss than that of tin* uneroppial plots. The ditTereiiec Avas small but 
\v(‘. tliink signilicant and it is esp(‘eially a])])ar(‘nt if ih(‘ lop foot of soil only is consi- 
dered. It is only natural as the -oots of t]i(‘ cotton ]>lant are probably mainly dis- 
trihided in tin* tnp loot of soil. Drainage e(*as('(l alt(‘r about the 4th September. 
44ier(‘ was a fall nf 2" of raiu on tin* lOtli of this month and a few light- sliowers a 
b‘vv days later. The etfecl. of this rain was distinct in iner(‘asing nitiill(*ation in the 
surfaci* b" in tin* sanqh s tak<‘n (tn tin* M»th and 22nd Se])t(*ml)(‘r. Th(*re was practi- 
cally no more rain till the drd ()ctob(‘r and tln*r(‘ was no thnv from any of the drains. 
Yi‘t- wh(‘n tin* n(*xt samph* was taken on the 28th Se])t ember all 4 plots had suffered 
a lieavy loss of jiitrate. In tlie ease of (in* cropped ]4ots one might have expected 
(his. ])ut in the cas(‘ of tin* uncrop])(*d ones it is ditlieidt to account for this loss 
unless Avc assume that d(*nitrilicat ion Avas takiug 2 >lace. Tln*re was a fall of 1]^^' of 
rain on tlie 2>rd October and this (*aused a small amount of nitrification as shoAvii by 
tin* analyses m.nl(* on tin* oth of that inontli. 

No rain fell after tin* 9(h Octolu*!- and when samples Avere taken on the 20tli Octo- 
ber, only A'ery small amounts of nitrate Avere left in any of the plots. By this time, 
the water content- ot the soil lunl considerably diminished, the surface soil in parti- 
cular having lost a large amount of Avater. 

Co}tcIusi(yt(S, 

Ihe comparison lietween the figures for 1925 and 1926 is not complete, since 
in i!)25 the first samjiles Avere not taken until 21st June, Avliereas the 1926 series 
began in Aprd. The inaximurn nit rate content of the plots Avas reached very quickly 
in 1625, vn., on (lie 25tU June. This Avas probably due to the frequent light showers 
in j\lay and io tlie almost regular .shoAvers with no excessive falls in the first 3 weeks 
of June. The increase in nitrate in 1926 was much less sudden and all through- 
out 1926 the plots contained distinctly less nitrate than in 1925. This is probably 
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due to the fact that July 1926 was much wetter than July 1925, 21" and 15*5" of 
rain respectively falling in these 2 months. The rainfall in July 1926 was also 
more or less continuous and the continual drainage through the soil did not allow of 
the accumulation of nitrates even if they were actually formed. 

2. The loss of nitrate on each of the four plots can be computed in the same way 
as was done on page? 173 for period (a). 

The losses are as follows in lb. nitrate of soda per acre. 

Unmanured uncropped plot -229. 

Manured uneropped plot 318. 

Unmanured cropped ])lot — 268. 

Manured cropped plot — 374. 

These figures are distinctly l(\ss than the losses in the prendous year. These 
figures are, of course, mucli lower than the actnal loss(\s which lake place since wo 
have only taken note of large losses and also our analysc's were not done.' at snflicic'ut- 
ly short intervals to follow all thc^ change's in nitrate' c'ontc'nt which take |)la,cc'. 

From a c?onsideration of the', forc'going rc'sults, it would ajjp'ar to be inclic'af-c’d 
that nitrilicalioji takc's place only iii the raitis and that at the c'lid of th<‘ rains when 
the soil dries out, the* process cease's. In our expe'rinu'uts it woidd appe.'ar that the 
lieavy rains washc'd out the* jiitrale and from other causes also the' niirate* diminished, 
so that during the* cold wcathc'r only very small amounts of nitrate wc're present 
in the soil. Jii our (‘xperiments, howc'vc'r, tJie^ crop was not removcMl till mid Novem- 
bc'r and hence the' land rc'ce'ivc'd Jio cultivatiem after the e*(‘ssation of the rains. 
Ihider normal conditions, howc'ver. if a. cold weathc'r crop is to be sown, the land is 
harrowed and ploughed aftc'r the rains in pre'paration for that croj). It appeared 
necessary to sc'e whe'then’ undc'r these conditiems any nitrate was presc'iit in the soil 
in the cold weather. The' e'fTeet of this is sc'cii in peniod (c). 

Pekioi) (c). Novemuer 1st 1926 'I’o date (Janitarv 1927). 

As explained on page 158 the* followhig plots were iucludc'd in the experiments 
from November 1st onwards. 

1. Uncropped unmanured uncultivatexl. 

2. Uncropped nuvmnvd unemltivate'cL 

3. Cropped unmanure'd uncultivated. 

4. Cropped manured uncultivated. 

5. Uncropped unmanured cultivated. 

0. Uneropped manured cultivated. 

7. Plot IIT, uneropped unmanured cultivated. 

Plots 1, 2, 3 and 4 we*re the same plots as had been sam])leel in period (b) and 
]>lots 5 and 6 were portions of plots (1) and (2) respectively. As above stated, the 
( ultivation on tlie'se was v(*ry deficient as it was taken in hand too late. 

The results are set out in Table III and in the Chart II. It will bo seen from the 
Tabic that all the above 6 plots were not sampled at each sampling. Thus on 
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34-3 

•0012 

179 

30-3 

•00032 

4-S 







30-3 

•0009 1 

14-2 

34*4 

•00010 

00 







38-5 

•00083 

12-4 

34-8 

•00040 

CO 







39-2 

•00083 

12-5 



37-7 









151-5 




18-9 

•00034 

51 

170 

•00039 

5-9 







25 -G 

•00030 

4-0 

24 0 

•00030 

5-4 







30 0 

•00032 

4-8 

2G0 

•00013 

O-l 







30-0 

•00038 

5*8 

28-4 

•00031 

1-7 







31-5 

•00039 

5-8 

320 

•00032 

4-9 







31- 1 

•00032 

4-8 

31-4 

•00032 

4-8 









30-9 



32- 1 




1(50 

•00072 

10-8 







19-1 

■0040 

09-0 

25 0 

•00019 

7-3 







28-2 

•0025 

37-0 

20-5 

•00037 

5-5 







32-7 

•001 4 

2l-« 

29-9 ! 

•00038 

5-7 







31 -C 

•0012 

18-4 

29-fl 

•00038 

5-7 







.35- 1 

•00091 

110 

301 

•00045 

6*7 







37-7 

•00082 

12-3 



41-7 









172 0~ 

16-8 

•00055 

8-3 







29-3 

•0038 

570 

22-2 

•00041 

C-2 







29- C 

•0010 

24-8 

28-4 

•00044 

6-0 







29-7 

•0020 

29-G 

27-2 

•00043 

C-5 







30- 1 

•0015 

230 

310 

•00045 

C-7 



' * 




3'10 

•00079 

11-9 

28-5 

•00044 

C-0 







350 

•00080 

120 



40-9 









158-3 
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Table 

Period 


rXCJlOVPKD AREA 


J>a(c 

1 

Dcjith 

UNCrLTlVATEI) 

ClTI.TIVATED 


MANITREI) 

Unmantirko 

walrr 
(jii Ory 
BOU 

3 

XaNOgiiiflry soli 

% water 
on dry 
soil 

0 

XaXOj In dry soil 

7o watc 
on drj 
soil 

9 

XaX(J, in dry soil 

(Inn. prr 
100 
grin. 

4 

Lb. per 
acre 

(Irm. per 
100 
grill. 

7 

Lb. per 
acre 

8 

Grm. ] Cl 
100 
grm. 

10 

Lb. per 
acre 

11 

r 

0 0 

20- r> 

•00003 

9-5 

1 9-4 

•00086 

12-9 





ti 12 

28- 1 

•0004 4 

fi-O 

25-0 

•00049 

7-3 





12 18 

30-8 

•00O38 

5-8 

29- 1 

•000 1 1 

6-6 




LMMli NoV*'Im1ht< 












18 2t 

27-7 

•00037 

5-0 

32-8 

•00052 

7-8 





21 -:jo 

3..>-7 

•00047 

71 

310 

•00046 

7-0 





:jo -- a«> 

34-7 

•OO'MO 

00 

31 4 

•U'M 33 

50 








40-0 



•16-6 




r 

0 (i 

17-7 

•01)050 

8-5 

20-3 

•000 10 

60 

130 

•00075 

11.2 


<; 12 

270 

•00050 

8-1 

25 3 

•00043 

6- 4 

25-1 

•00049 

7-3 


12 18 

31 r> 

•00058 

8-7 

20-7 

•00037 

5-6 

26-8 

•00043 

0-5 

Docf'iul.cr'S 











JUliO. 

18 21 

28-3 

•00050 

8-5 

27-8 

•00050 

7^5 

28-3 

•00044 

6-6 


21 30 

31 1 

•00058 

8-7 

3J1 

•00016 

69 

34-7 

•00040 

60 

1 

30- -30 

30 0 

•00051 

7-7 

31 4 

•U0015 

6-8 

35-3 

•00054 

80 





50-5 



30-2 



45-6 

r 

0-0 

J 70 

•00007 

100 

15-5 

•00066 

0-9 

11-7 

•00074 

10-1 


0 12 

210 

•000 lu 

7-3 

23 9 

•00018 

7-2 

23- 1 

•00042 

6-2 


12-18 

20-0 

•00040 

71 

25-2 

•00019 

7 3 

28-1 

•00038 

5-6 

71 1> Dt'coiiiliCT^ 











H)*20. 

18- 21 

31-8 

•00015 

0-8 

28-5 

•00050 

7-5 

300 

•00045 

6-7 


21 30 

35;> 

•00040 

0-0 

33-3 

•00053 

7-9 

36-3 

•00047 

Hll 

[ 

30 30 

33-3 

•00039 

5-9 

33- 1 

■00046 

0-9 

3 4-6 

•00040 






43-4 



40-7 



1^31 

' 

0-0 

18-7 

•00091 

13-7 

200 

•0018 

27-C 

19-5 

•00057 

8-6 


0 12 

21-8 

•00012 

0-3 

21-8 

•00047 

7-0 

24-7 

•00042 

6-4 


12-18 

200 

•00038 


280 

•00037 

5-6 

300 

•00045 

6-7 

17th Dooenihci'^ 












18-24 

32-4 

•00039 

HI 

27-3 

•00031 

4-7 

31-3 

•00045 

6-8 


24 - 30 

330 

•00040 

60 

31-4 

•«KV139 

5-8 

350 

•00040 

00 

' 

:U'- 30 

3 13 

•00039 

60 

32-2 

•00039 

5-8 

36-3 

•00040 

61 





43-C 



mm 



40-6 
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III — mitd. 
(c) — contd. 


CllOPPKD AREA 




OVLTIVATKT) 

Uncultivatkd after kf:moval of crop 

PNCROPPED, CrLTIVATEO 

MANrKEl> 

rWANUUET) 

1 Masureo 

UNMANI'REI) 

on dry 
soil 

XaXOj in dry soil 

'\,W.»ter 
on drv 
soii 

XaXOj in dry soil 

".'.water 
on tiry 
^^oil 

NaNOj in dry soil 


NaXOj in dry soil 

(iim. per 
100 Onn. 

Lli. per 
a( re 

(Irm. pel 
100 Krill. 

J.O. per 
Here 

(Inn per 
100 grill 

I.b. per 
acre 

"oWaO'i 
on dry 
soil 

(inn. per 
100 grin. 

LI), per 
acre 

12 

13 

14 

15 

IG 

17 

18 

19 

20 

21 

OO 

23 




19-8 

■00029 

4-3 


•00011 

0 2 







23-5 

•00030 

4-5 


•00037 

5-.5 







261 

■00037 

55 

25-3 

•00013 

6-4 







21-7 

■000.30 

4-5 

28-3 

•00014 

6-6 

* 






29-7 

■00032 

4-8 

34-3 

•00010 

60 







31-3 

•00032 

4-8 

33-7 

•00033 

4-9 









28-4 



35-6 




10-8 

•00100 

15 0 







23-9 

•0036 

54 0 

2r)-l 

•00001 

9-1 







26-8 

•()()] 2 

17-0 

20-9 

•00043 








28-2 

•0012 

17-8 

27-0 

•00044 








300 

•0011 

17-2 

noo 

•0004 f) 

6-7 







33-9 

•000<)2 

13-9 

33-5 

•00039 

5-9 

49^7 







33!) 

•00092 

13.9 

131-4 

130 

•00091 

13-7 







2*2-9 

•00.38 

57-5 

240 

•00093 

10-9 







28-5 

•0017 

26.4 

26G 

•00002 

9-2 







30-2 

•00096 

14-4 

27-3 

•00062 

9-3 







32-7 

•00065 

0-8 

33-8 

•00053 

7-9 







31-6 

•00086 

130 

82-7 

•00040 

0-8 







35-2 

•00074 

110 



67-8 









1321 

18-2 

•00073 

110 







24-7 

•0046 

09 0 

22-3 

•00041 








2.5-7 

•0027 

•10-3 

20-8 

•00043 








30.0 

(JO 12 

18-2 

281 

•00037 

5-0 







2!)-6 

•0013 

19 0 

30-7 

•00045 

(i-T 







3 1 6 

•0009.3 

14 0 

29 (J 

•00032 

4-8 







32-8 

•00J05 

15-7 



40-8 









176-2 
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* Period 
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JII OOVitd, 

(c) — contd. 


CULTIVATKJ) 

MA ^< U^lED 


CR () I » PI ‘]1) A 11 I 3\ 

HNCULTIVATKI) aktkk removal <’R«*l* 


IJM’RDIM’EL), ( :iII/MV'ATKr> 
ONMAN'L'REI) 


NaNOj in dry rtoll Ma^N O, in dry soil NaXO^ in dry soil XaNo, in dry soil 

% wator Vo wator ~ walor wafer 

on dry on dry on dry ,,ii dry ' 

soil <«rm. per Lb. per soil (inn. per Lb. per s(,ii L'rni. per Lb. per yoj) ‘ (Jrm nor J.b oer 
100 will. aero iOO Wm. aero 100 win. aero " 100 -ini aere 


iOO k'rm. aero 


12-4 

•00100 

15-9 1 

24-2 

•00060 

9-0 

26-4 

•00055 

8-3 

30-4 

•00051 

7-7 

31-4 

-0()()5 S 

8-7 

29-3 

•00057 

8-6 



58-2 


11 0 

•00073 

11-0 

21-3 

•00053 

7-9 

23-3 

•00053 

8-0 

24-4 

•00054 

8-1 

27-0 

•00056 

8-1 

26-8 

•00050 

7-4 



50-8 

12-9 

•00059 

8-8 

21-0 

♦00055 

8-3 

28-4 

•00063 

9-4 

27-3 

•00059 

8-8 

31-4 

•00061 

9-2 

32-8 

•00050 

8-8 



53-3 


12-3 00018 

23-0 • OOO'JO 
22-9 -00042 

27*5 -00031 

20*8 00043 

30- t ‘* 00020 


10-3 -00039 

26-0 -00037 

26-5 -00030 

: 2-4 -00032 

31-1 -00010 

33-0 -000 10 


15-5 -00055 

25-0 -00030 

25-0 -00021 
27-3 -00031 

29- 8 -00055 

30- 4 -00051 


Tractor 'pUmqhriJ. 

H -2 12-7 -00064 


30- 3 -00015 

31- 1 -00052 


28 5 -00011 


21 

22 

23 

10-5 

•00188 

73-3 

2 1-6 

■002-23 

33-8 

31-0 

•00129 

19-5 

31-5 

•00090 

13-6 

31-4 

’00116 

17-4 

33-1 

■00118 

17-7 
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13th November 1926 and 29th November 1926 the experiments were merely a 
continuation of the experiments in series (a) and no cultivated area was sampled 
on these two dates. 

Throughout the period under experiment there was no rain except for a fall of 
0‘09" on December 17tli. 

As regards the effect of cultivation on the original plots, it will be seen from the 
Table and Cliart that the effect was practically negligible. All these plots contained 
very small amount of nitrates. There is some slight indication that cultivation 
had increased the nitrate in the surface soil, but it is doubtful if the difference ob- 
served lies outside the experinumtal error. As regards jffot No. 7, referred to as 
plot No. Ji I, uncropped unmanured cultivated, it will be seen that it contains large 
amounts of nitrai(‘s particularly in the surface 6". It is unfortunate that analyses 
of this plot were only coinnuMuc'd on Nov(‘nib(‘r 2iid. However, the soil of this 
field is a])parently id(‘ntical in every respc'ct with the soil in the other plots under 
experiment. 'riu‘ only diffcKauai was in the cultivations carrietl out. It will be as 
well to com[)are the cultivation on this plot with that on the other 2 cultivated 
plots under observation in Series (c). 

Cultivations on ])lols (3) aiul (1) r/:. uncro])ped unmanured cultivated plots 
and uncropped manured cultivated plots. 

August, September — NiL 

29t li t )ctober- Ploughing. 

31st October Pakharing. 

5th November- Clods broken by hand. 

Pith Nov(‘nd)er— Clods broken by clod crusher. 

Cultivations on plot No. 7 (Plot III) uncr()p])ed Hnnianured cultivated. 

Pith S(‘j»t(‘mber Tractor bakliaring follovsed by spring tooth cultivator. 

21th Sept(‘mber — Tractor baldiaring followed by spring tooth cultivator. 

J9th October - Bakliaring. 

22nd ( )ctober — Harrowing. 

There can be no doubt that the increased nitrate content of j)lot No. 7 is due to 
the more efficient cultivations it received as compared with plots (3) and (4). 


Conclusion, 

At the end of the rains, the l)lack cotton soil of Nagpur contains only small 
amounts of nitrates. If the soil remains uncult ivat(*d throughout tlic cold weather 
no nitrate formation takes place. If, howevi'r, the soil is kept well cultivated at the 
end of tin* rams, large amounts of nitrates are fujined in the surface soil and are avail- 
able for the cold weather crops. By way of eonflrmation of this conclusion, wc have 
available the results of analyses carried out in other plots which received cilicient 
cultivations at the end of the rains. 
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Date 

Depth 

Lb. NaNOj per aorb dry soil 

Near alkaline 
well 

Sttideiits’ well 

Limed plot 


0 - 0 

muiH 




0 -12 




Jgfc November 1920 , 

12- IS 

11-5 



1 

18 24 

11-8 




24 .40 

9-9 

15-9 



30 30 

no 

13-9 




1151 

113*0 


r 

0 0 




1 

0-12 




I.Hh November 1920 . . .J 

12-18 





18 - 24 





24 -30 



12-2 


30 30 



101 





101-2 

f 

{)- 0 

77-8 

71-9 



0- 12 

43*0 

40-4 


0th January 1927 . . 

12—18 

20-8 

28-9 



18—24 

240 




24 -30 

2i:> 



1 

30- -30 

23-2 





210-7 

HU 



It will be seen that the amounts of nitrate present in th(\se soils is very higli anfl 
ts formation must be due to the cultivations received at th<5 end of the rains and in 
he early cold weather. 


Summary and recommendations. 

. The ammnt of nitrate produced in the soil audits bearing on the growth of crops 

in the Central Provinces. 

In the work described above, data have been given for the amount of nitrate 
•resent in black cotton soil at Nagpur throughout the year. Plots l)oth with and 
•’ithout crops were under experiment and the cflect of cultivation alter the rains 
n the nitrate content of the soil was also examined. 

In the first place, it will be of interest to compare the amounts of nitrates lound 
y us with those found by other workers in India, Kgypt and Kaglaiid. 

Our own results show that in Ajm! when the nitrate content of our soil is lowest, 
he soil throughout the top 3 feet examined contains on an average about 1 part, 
f nitxate nitrogen per million of dry soil, or say 9 lb. of nitrate of soda ptw acre 

n 
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in the top 6" of soil. When nitrification has become well established after the break 
of the rains, the surface fi" of soil frequently contains 5 or 6 parts per million and the 
second i)" rather less. The maximum ligure found by us was on Juno 2i8t, 1926, 
oil a manurcMl plot, the top 6" of which contained nitrate nitrogen equal to 10 parts 
per million of dry soil and the second 6" contained nitrate nitrogen equal to 3| 
parts p(.‘r million. 

At on the (fiingetic alluvium, Leather obtained somewhat similar results 
to ours. I le found that towards the end of the hot weather the surface soil contained 
aliout 1 pai t ]>er million of nitrat(i nitrogen. After the first fall of rain this showed 
a rapid iner(?ase to 2.1 parts per million in the surface 6" and to 12 parts per million 
in the s(.*cond six inelies. 

At Oawapon: also in the Uangelic alluvium, Clarke and co-workers found 2A 
parts of nitrate nitrogen per million parts of dry soil in the toj) foot at the end of the 
rains, on Sej)tianber Mtli. As a result of cultivation, this figure rose to 14*4 parts 
per million by the following xMareli. Clarke did not continue his experiments during 
the rains. 

4i:rning to work (uuTiiHl out Prescott^ in Lgypt, we get figures of a very dift’er- 
ent order. AppariMitiy in the hot dry w'eather the summer fallow land is very diy 
and then cojitaius only 2*7 parit> of nitrate- nitrogen per million of dry soil. Yet 
. this figure is far higher than we- found in indian soils iji the dry hot weather. When 
we turn to th(‘ irrigated cotton soils of Lgypt, however, wo lind that the amount 
of nitrate nitiogen is fax higher than anything w'e ever cxp(‘rieiice in India. It 
rar(4y falls as low as 20 parts p(‘r million of dry soil and it^ usually between 30 and 
40 parts and at times n^aehi'S GO parts per million. 

It may bo ol iiiteasst to mention figures obtained by Kussell - at Rothamsted, 
'i’ho unmaiiured plot in tlio Jiroadbalk licid was found to contain nitrate 
nitrogen varying in ainounl. fro?u 1 to (> parts per million throughout the year. 
Tin; figures for tli(‘ dunged plot varied from 1 to 16 parts and fur the double ammo- 
nia salts plot Irom 3 to 31 parts pen- million of dry soil. 

It thus apj)ea rs that, under conditions prevailing on the black cotton soils ol 
(Jeiilral India, tiui amount of iiilrifiealioii taking place during the growing period of 
the cotton cro]) is far smaller than that which takes place in Lgypt during the cotton 
growing season. Liidea- Egyptian conditions, tln^ crop is grown in the hot weather 
under irrigation and thus both moisture and temperature conditions are favourable 
for nitiiliealion. In Central ijidia the crop is grown in the rainy season. When 
the first rains tail, rapid nitrilieatiou takes place, but the ainouiit of nitrate produced 
never a [> proaches the amounts of Jiitrate produe-cd in Egyptian soils. Moreover, 
the crop is i.oo small i-o lake advajitage of t he nitrate produced at this early stage. 
Subsequent iieavy falls ot rain wash the nitrate out of the soil and if, as frequently 
happejis ill India, laiii falls muio or less eontiiiuously for weeks on end the cotton 



ANi^ETT, PAPMANABHA AIYER AND RAM NAKAYAN KAYASTM 


190 

crop suffers from nitrogen starvation. In Kgypt the regular irrigations keep up a 
large store of nitrates in the soil and Prescott ^ states that ‘‘ The cotton crop in 
Kgypt at the present time is indeed independent of the artilicial application of f(‘rti- 
lisers.’’ It is not surprising that the cotton outturns in Central India coinpare so 
unfavourably with those of Egypt. This matter could be remedied to some extent 
by the judicious use of nitrogenous fertilisers. At the same time great skill is 
necessary in order that these should be applied at the right time. One wants to 
put them on after a heavy fall of rain, but if fiuther heavy rain falls subse(|uent 
to the application of the fertiliser it is simply washed down into the soil out of reach 
of the crop. 

One is almost inevitably drawn to the conclusion that cotton is hardly th('. croj) 
to grow in the Berars. Certainly, its area is far too large. During recent years 
the high prices obtained have encouraged tlui growing of a large' area of this crop. 
The indications are that the prices realisable in future will be on tin' pro war scale, 
yet the costs of production are hardly likely to go back to that level. (Jur results 
indicate that soil conditions arc such that wc can never liopci to compete on a yield 
basis with Egypt and other cc'iitres where irrigation facilities are available. I'liertv 
forc, it w'ould seem that there should be an extension of the growth of jum i a.nd fodder 
and that some of the area now growing cotton would be Ix'tter so employed. Tin*, 
improvement in the supply of fodder would improve the cattle by better bx'ding 
and with the provision of better cattle, agricultural operations would become more 
eilicient, better crops coidd be obtained and the milk supply of the country could 
also be improved. 

Groundnut in certain areas should prove an excellent substitute for cotton. 
Our results also indicate that efiicient cultivation at the closi' of the rains encourages 
the production of quite a large store; of nitrates in the soil ajid hcjice the possibi- 
lity of extending the area of cold weather crops is worth investigation. J\lr. Allan 
has dealt with the question of substitutes for cotton and with the extension of the 
rahi area in a note at the end of the Memoir. 

//. The lotss of nitrate /torn the aoiL 

The foregoing wnrk has provided some indications of th(‘ (‘noiinous loss of nitrate 
which takes place from the black cotton soil of Gentral India duiiiig tin; rains. 

Thus diuiiig the ruins of 1925 a loss of nitrate nitrogen ('quivalent to 480 and 
(126 lb. of nitrate of soda p(*r acre respectively was observed on aji unmanured and 
manured plot cropped with cotton. 

In the succeeding season the same plots cropped with jimr lost respectively 
nitrate nitrogen equivalent to 268 and 374 Ib. of nitrate; of soda per acre. Similar 
uncropped plots lost nitrate nitrogen equivalent to 229 and 374 lb. of nitrate of soda 
per acre respectively. It must be remembered that these manured plots received 
during these periods of loss a top dressing of nitrate of soda equal to 65 11). per acre. 


^ Loc. cii., 218. 


1) 2 
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The method by which these losses have been estimated is essentially rough, but 
the results arc undoubtedly on the low side. When we come to consider the results 
of our well water studies in Part III of this paper, it will be seen that the actual 
losses of nitrate nitrogen from our soil during the rains must be much greater than 
these figures indicate. 

Table IV. 

Experinienlal error in nitrate estimation. 

As stated on page 159 each determination of nitrate in the soil was carried 
out on a composihi sample made u]) by mixing four individual cores. Occasionally, 
however, these cores were analysed separately for moisture and nitrate content and 
certain of these determinations are set out below. 





aiika j 


CaOlMMU) 

ARL.A 





IJNMANITKKI) 

MAN'URKO 

UNMAM'RKI) 

MANDRKI) 



.Vo. 

SanipU'tl on l-U-2d 

SiiinpliM) on 2d-H-2d 

SainpU'd on lM-9-26 

Sampled on 10-8-20 


« ore 

2,', 

IM>. N.iNU, 

r 

U). VnNO, 

%Wat»T 

Lb. NaNO, 

% Water 

Lb. NaNO, 





on <lry 

jM-r iu ro 

on dry 

jmt ju-re 

on dry 

por acm 

on dry 

per aero 




soil 1 

111 ilry soil 

Hoil 

on dry snil 

soil 

on dry soil 

soil 

on dry aoil 


( 

1 

M 1 M 

U 0 

MMO 

140 

M3 3 

8-0 

4.4-6 

18-5 


1 

2 

;u» 1 

14 M 

M7 0 

1 IM 

32-0 

30 

40-0 

20 -9 

0— d" 


M 

yt) 0 

14 2 

Ml 0 

12 0 

31 1 

3-8 

41-5 

10- 1 


[ 

1 

y<V3 

14-2 

M.'» 0 

ir.i> 

312 

0-0 

40-9 

19-0 



1 1 

Ml M 

110 

M 1 d 

1 M 0 

Ml 1 

70 

39-3 

150 




M 1 0 

120 

MM. 1 

lM-7 

Ml-8 

o-S 

38-0 

24-7 

0— ili" 

.•< 












MM S 

1 1 -0 

1 M 

1 1 0 

Ml 0 

3-8 

M8-9 

15-5 



1 

MM 0 

IM S 

M2 H 

IM 7 

MM-0 

3 0 

M7-2 

17-4 


( 

1 

M.T 0 

10 2 

M70 

lO-M 

Mid 

3-8 

M5-3 

11-4 



2 

MM M 

12-1 1 

M 5- 1 

11 S 

Ml 0 

40 

M8-2 

14-4 

liJ— IS" 

1 

M 

37 0 

12-2 

Md ,') 

10-2 

M2-d 

40 

38-4 

13-1 


1 

■1 

MO 1 

12 :> 

M.'. M 

10 0 

MM-S 

dl 

M71 

13-2 



■I 

MO M 

11 1 

MO 1 

lO-l 

Md'7 

3-0 

30-8 

11-2 

15—24" 

. 

H 

40-.) 

U d 

Md-.'i 

12 2 

MM- 2 


30-2 



1 


MS- 7 

11 1 

11 S 

10 d 

MMO 


38-4 



1 

1 

10 0 

12 « 

MS- 7 

10-4 

M3l 

d-M 

38-8 



{ 

1 

MU M 

22 M 

A 3 

21 0 

MOO 

1-0 

37-0 

24-5 



2 

MO 8 

IS S 

MS 7 

20 7 

M40 

3-0 

30-2 

14-2 

21— :ur 

1 

M 

ll-l 

l*‘.-0 

MO- 7 

Id? 

M3M 

11 

30-7 

13-2 


( 

■1 

•10 

Id 0 

4 2d 

10-M 

MOO 

3-2 

37-6 

19-5 



1 

MS u 



20-7 

38-S 

3-9 

36-4 

17-2 




•11-1 


M7S 

lS-:i 

34-7 

7*2 

40-0 

14-7 

MO— 



i:{ 0 

10 1 

MOO 

Id 6 

MS- 4 

4-0 

39-9 

14-0 



•1 

'Id 

10 1 

MO 2 

2M 0 

M'.-8 


35-3 

24- 1 
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Table V. 

Rainfall, 1925. 
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Table V. 
liainfiM, 1926 . 


D.lf «• 

.laij. 1 

Kii*. 

Mar. 

A pr. 

Nfay 

.IniiP 

.Inly 

Au«. 

Spr»t.. 

on.. 

Nov. 

Dec. 

1 




003 

0-17 


o*2.'» 

0-07 

0*09 








()-0-2 









i: 

n-ni 






009 

001 

0*0.0 




M 

n-07 






0*28 

0-27 

019 

1*21 



4 

n- 10 





0-00 

100 

104 

0*0-1 

o*or> 



r» 

n-n-j 






4-.S5 

1 12 

0*07 

0*02 



<> 




n-^-2 



0 07 

0-0.% 


0*28 



7 



nin 

OJ2 

0-18 



0*.')9 

0*13 

0*03 



.s 

noi 


o-.f>n 

O-n-j 

0*21 


in 

1 09 


0*13 




nrio 



n'nr> 



0-33 

0*85 


0-.33 



in 





0-20 


0*41 

0*-l7 

1*97 




1. 





01 2 


ICO 

0-89 

0*02 




11! 





0 11 


3*11 

0-29 





l:i 







117 

007 

0*03 




1 1 







0 20 

007 

0*1 0 

.. 



1 



on 




0-23 

002 

0 0.‘l 




Ki 






on:; 

0-3H 

0-91 





J7 








0-91 





IH 





2- IS 


oor> 

2*13 





1 





I'Ob 



0-73 

0*23 




IdO 





l*U 

0*07 


0*21 

0*11 




■z\ 





.. 

0*15 


0*01 





•Z'l 





n-7r» 

on 


0*.>9 








0-02 



0-02 


0*01 





'Z\ 



o:i7 




oor> 

0*03 





*^r> 







O-O'*. 






•JO 













j; 







0-19 

2*10 

0*0J 




•JS 






0-1 1 

0*27 

0-21 





jn 








0*01 





:u) 

n .jO 







0-29 





31 

Toril 

Tui.ii i'<n- 
><'ar 



O-l 7 





0*11 





•J'O.i 


i-oo 

o-,»o 

0 IS 

o;ts 

20-80 

17*07 

3*03 

2*05 



•j-ni) 



4.M 

10*70 

11 37 


■19-30 

52*93 

.54*98 

51*98 

64*98 
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PART II. 

SEASONAL COMPOSITION OF WELL WATERS AS A MEANS OF STUDY 
OF THE NITROGEN CYCLE IN THE SOIL. 

In Part I of this pajMir attention lias been drawn to the large amounts of nitrates 
formed in the soil during tlie early jiart of the rainy season at Nagpur. It was also 
shown that most of this nitrate was washed out of the soil into tlu^ drains or into 
the underground water supply by heavy rain. Losses of nil rale nitrogen equal 
to several hundreds of pounds of nitrate of soda per acre at least were indicated. 

It would appear of great interest to see what hajijiens to the nitrate which is 
washed out of the surface soil. This matter has not received much attention hither- 
to. It is frequently stated that practically no denitrificat ion takes jilace in soils. 
If this nitrate is accumulated in the subsoil water one wouki e,xp(a?t to lind enormous 
stores of nitrato down below. Large accumulations of nitrates in ilu^ soil are, how- 
ever, rare, tlie best known example being, of course, the (•hileari nitrate deposits. 
But the conditions under which these deposits have accumulated are piuailiar and 
are seldom met with. 

It was considered that a study of the levels and chemical cot7i|)osition of the 
W’ater in wells throughout the year should give results of interest in this connection. 
An intimate study of two wells on the Agricidtural Colh‘ge Farm, Nag|)ur, was com- 
menced in June 1925. The investigation has been carried on continuously since 
that date. The wells are about 200 yards ajiart and are sunk in the black cotton 
soil. One wo have called Students* well ” and tln^ other Alkaline well The 
former is 027" from soil level to the bottom and the latter only 507" and both just 
reach the traj) rock. J1ie former has not been us(id for many y(‘ars and has a. tile 
drain discharging into it and thus we were able to form an idea of tlu^ rab^ of nit- 
rificaitioii in the surrounding soil. The latt(‘r well is used to a. C(‘rta,in extent for 
irrigation and the land around has receiveal heavy dressings of cattle manure and 
artificials for some years. Moreover, tlu^ area surrounding this well is also under- 
drained with tile drains and hence we are able to analyse, tin; drainage wafer froiii 
this area also. The de|)th of water was determined at fretpient intervals and al- 
ways when any change in water lev<d took })lace. On every such oc‘casioiq the water 
was analysed for total solids, nitrate content and usually for bicarbonates and car- 
bonates and occasionally gravimetric, estimations Aven^ made of tlu^ calcium, mag- 
nesium and sulphate contents. It Avas quite early nicognised that the composition 
of the water Avas not alwa)s uniform at dilfenmt kivcls and soon after the exf)eri- 
inent started each well was always sampled at 3 dilTerent levels, bottom, middle 
and top. These samples Avcjre taken in a AA’^eighted bottle, the stopper of which could 
be opened by a string at any desired level. 
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The nitrate was determined by the phenoldisulphonic acid method as in Part I. 

Tables VI and VII (jive the d(Ua obtained for well levels, total solids and nitrate 
content of the two wells under observation. 

From August 1925 onwards, the samples were drawn from 3 different levels, bot- 
tom, middle and top. The })racketcd figures give the analyses in this order. 

The rainfall during the period under observation has already been given in 
part I of this paper. The rainfall data, well levels and nitrate content of the wells 
have been plotted in Chart No. III. 

Consideration and discussion of results. 

/. General observations on well levels and nitrate content. 

At the beginning of the rains in June 1925, the students’ w^ell had a depth of 
400" of water and the alkaline well of 280". 


Table VI. 
Students^ well. 








J)(‘()fh of 

Parts pc'r lOO OOO 

Total lb. of 

S. No. 


D.ltt! 




wa((‘r Im‘1ow 
.liroiind lovol 

Total 

solids 

Nitrato N 
as N 

NaNOa 

well 

1 

22t»(J tlun(‘ 

1025 . 




2.38" 

(;9r) 

0010 

0-22 

2 

291 II „ 

M . 




238'' 

(>8-8 

0024 

0-50 

y 

7th .luly 

• 




2.38" 

(>8-4 

0020 

0-42 

4 

i;itli 

M . 




172" 

t>()*2 

0072 

1-70 

r» 

Ihtli „ 

M . 




UW/ 

,50-3 

0080 

1-98 

(> 

20th „ 

»f • 




105J" 

45-8 

0-088 

216 

7 

27th „ 

f? • 




162'^ 

61-4 

0-095 

2-35 

8 

3nl Au^u8t 

rt 




139" 

45-6 

0-110 

2-85 

9 


»• 




lotr 

49- 1 

0-13 

3-60 

10 

nt.ii .. 

»» • 

• 



70" 

:> 


013 

3*80 

il 

28tli „ 





49" 

r64-2 

0-00 

0-05 

ll-63 








L45-8 

0-09 • 

J 

2 

3) St „ 





43" 

r()3-3 

0-02 

0-01 

ll-24 

nr , 







\^4('rS 

0-09 

J 
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Table VI — contd. 


Students'' well — contd. 
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Table VI — <mtd. 
Students* well — contd. 


S. No. 

Onto 

Depth of 
water below 
ground level 

20 

7th l)i ‘rein 1)0 r 1020 

139" 

27 

Hill 

141" 

2S 

2l!’t ,, . 

14.0" 

20 

2Stli „ 

1 IS'' 

:io 

Otii Janunrv 1020 

1 19" 

31 

11th „ 

103" 

32 

l«th 

101" 

33 

20th 

109" 

34 

1st I'^'hniai V . 

103" 

30 

loth „ „ . . , 

p;s" 

30 

10th „ 

170" 

37 

‘’2iul 

ff . 

173" 

38 

1st March „ . . . 

170" 


Parts por 100 000 


Nit rat o N 
as N 


Total Ib. of 
NaNOj in 
well 



^54-80 


rr)7(io 


r)4 () i 

lr>ry'20 
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Table yi—oomd. 

Students’ wdH — contd. 
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Tabu: Yl—wntd. 


Students' wdl — contd. 








Depth of 

Parts per 100*000 

Total lb. of 

S. No. 


Date 




water below 
ground level 

Total 

solids 

Nitrate N 
as N 

NaNOj in 
well 











52 

2nd June 

1920 

• 

• 

• 

212^ 



Nil 








r59-36 



53 

8th „ 

ft 


• 

• 

215* 


} ” 

ft 











54 

I6th „ 

ft 

• 

• 

• 

217^ 

^ 60-22 
i.62-40 

} ’’ 

• 0 


23rd 









55 

tf 

• 

, 

, 

218^ 











1^61 -52 

I ** 

f 



20th 






r61-52 



56 

ft 

• 

• 

• 

220-' 

^ 61-52 
1^62-96 

} ’’ 

ft 

* 


0th July 









57 

ft 

• 

• 

• 

212-' 

60-6e 

^50-36 

}•■ 

ft 



12th „ 






r58-64 



58 

ft 

• 

• 

• 

187' 

^ 57-84 
t60-08 

U-11 

0-82 



2(!th 






r63-28 

0-00 


5» 

ft 


, 


102' 

57-n2 

0-00 

i^O-74 








t47-84 

0-09 

J 


3rtl August 







0-01 


00 

ft 




149^^ 

< 57-28 

0-01 

5^0-64 









0-04 

/ . 


10th „ 







0-07 


01 


. 

. 

, 

109^ 


0-09 

SO-30 









0-02 

J 

02 

17th ,, 






r5M2 

006 


tf 

. 

. 

. 

84' 

^ 49-28 

0-09 

^2-94 









0-15 

/ 

03 

20th 







0-08 


ft 

. 

, 

. 

60'" 

^47-84 

0-08 

^2-61 









0-10 

J 


3rd September 







0-04 


04 

ft 

, 

, 

, 

51' 

^ 47-08 

0-07 

^2-23 








U3-20 

0-10 

J 
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65 I 9th Sci)teinbcr 1926 


66 I5th 


67 21st 


68 I Ist October ,, 


69 9th 


70 15th 


71 23rd 


72 19th 


73 3rd November „ 


74 I3th 


75 20th 


76 26th 


77 I 4th December ,, 


„ . Parts per 100 000 

Depth of ^ 

water below m * i xr-i. . xt 

"rs" 


'rotal lb. of 
NaNO., in 
well 
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Table VI — eondd. 
Students’ —conoid. 


S. No. 

Date 

Depth of 
water below 
ground level 

Parts pc 

Total 

solids 

r 100-000 

Nitrate N 
as N 

Total lb. of 
NaNOa in 
well 




r52-24 

0-012 

"I 

7S 

I llh JMicnibor 1926 

141" 

^ 51-36 

0-012 

^0-32 




(,51-36 

0-012 

J. 




r51-68 

0-012 

'I 

71) 

18(li „ „ . . . 

140" 

^ 51-76 

0-012 

i»0-28 





0-012 

/ 




r5400 

0-012 


80 

2111) 

144" 

^ 65-36 

0-007 

^0-21 




1,6512 

0-005 

J 


Table VII. 


Alknline tvell. 







I)e])th of 

Parts ])er lOO OOO 

Total lb. of 

S. No. 


1 )aU^ 



water below 
ground level 

Total 

solids 

Nitrate N 
as N 

NaNOj in 
well 

■ 

22n<l .luno 

1925 . 


. 

224" 

77-6 

0-22 


3-52 

H 

20th 

,, 



221" 

77-8 

0-14 


2-26 

3 

I3tli .luly 




193" 

760 

0-12 


2-09 

4 

loth 




178" 

74-9 

0-10 


1-90 

5 

20th 




144" 

75*6 

0-08 


1-61 

6 

27tli 




i2«r' 

76-0 

0-22 


-t-66 







r74-40 


■> 


7 

3i'd AiiguHl 

• • 



93 i" 

< 74 24 



U-80 






(,74-40 

0-20 

> 


8 

loth 




66^" 

68-40 

0-19 


4-63 

9 

I7(li 




62" 

65‘52 

0*19 


4-68 







C 75*44 

0-17 

1 

1 







(73 76 

0 17 

1 

1 

1 







C 66-32 

0-17 



10 

19th 


, 

. 

56" 

( 65-44 

0-17 


U-24 







\ 63-20 

0-17 


I 







i 63-60 

0-17 

J 
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Table NW—conid. 


Alkaline ivcll - contcl . 




4)opth of 
watoi' hi'low 

Parts pc'v 

lOO-lMJO 

3\>tal lb. of 

S. No. 

Date 

O’otal 1 

Nitrate N 

NaN(.>T 



grouiul lovol 

solids 1 

asN 

noil 




f 74-80 

0*14 

"1 

11 

21st August 1025 . 

00" 

72-24 

0*18 

^3*00 



1^01 01 _ 

0*10 

J 




f 70-50 

0-12 


12 

24Ui . 

50" 

^ 08-r»8 

0*12 

>3-03 



1^08-04 

0*12 

J 




n;oi 2 

0*11 


13 

31st „ . 

;>7" 

^ 08-50 

0*11 

^2-00 



l^05--14 

0-10 

/ 




f 08-50 

0-12 

“1 

11 

7Ui jSeptciuljt'r „ . . . 

(i()' 

08-88 

0 12 

l‘2-7(> 



t08-l() 

0*10 

i 




( 08-00 

0-03 

■4 

lo 

lotli „ . 

• NS' 

50-80 

1^00-10 

0 05 

U 30 




0-10 

J 




j'0800 

0-03 


10 

2lsl ,, ff » , » 

0 1 " 

00-40 

0-00 1 

\ 0*75 



l^r>o-oo 

0*01 

J 




f 00*28, 

0-05 


17^ 

28lli „ . 

87" 


0-03 

M*23 



i^OO-21 

0-08 

i 




rt.7-84 

0-01 


18 

5lli (XIuIht t* • • • 

08" 

< (>7-0)0 

0-00 

U-20 


1^07-28 

0 07 

/ 




f (>0*12 

0 017 


10 

]2tli „ . 

107 

()112 

0-02 

lo*48 




1^00-21 

002 

J 




r 80-00 

0-032 


20 

iOLl. „ . 

107" 

4 58-24 

0 030 

>0-08 


1^07-04 

0(^30 

/ 




r741(i 

0*15 


21 

2011. „ 

137" 

^ 70*04 

0*15 



L73-(J4 

0*15 




r74-72 

0*10 


22 

2n(l NoveiJiber . 

15.3" 

< 73*70 

0*10 

>2-05 




L72-72 

0*10 

J 




r 74*50 

0-22 


23 

0th fp mp m • 0 

154" 

< 75-04 

0-21 

>4-23 



L75 01 

0-22 

/ 




212 


toss OF KiTRAtE FROM SOlL IK C, P, 


Table VII — cmtd. 
Alkaline well — contd. 


Dcpili of 
waf^r l)c‘low 
f?roijnd level 


Parts per 100*000 

Total Nitrate N 
solids as N 


Total lb, of 
NaNOj in 
well 


24 17tli November 1025 


25 2;Jrd 


20 aoth 


27 I 7tli December ,, 


28 I4th 


20 21st 


:{0 28th 


51 5th .famiarv I02(i 


r85'44 

()S'5G 

t75*04 


52 11th 


54 25th 


55 I 1st tVbruarv ,, 


50 iqth 


AnnStt, padmanabmA aiVeb an1> ram nabayan kayasth 

Table VII. 

Alkaline tvell. 


•lU 
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iJate 

17, h 

May 

in2(i 


•• 

..... 

2«th 


V 

2 11(1 

,1(1110 

•» • • • 

Sill 



Kit'i 



22r(l 




2:)tli 




btii 

.»uly 


l.’ltli 

»y 

. . . 

2bMi 

- 

..... 

.‘lid 

\(l'J,ll.st 

. 

IDth 

- 



JJo|)Jl oi 
water below 
1 level 


I ‘arts per lObOOO 
Tolal I Nitrate N 


Total 11) o. 
NaN()3 ill 
well 
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Table VII. 


Alkaline well. 
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Table VJI. 

Alkaline well. 


S. No. 

Date 

J)c|)l li of 
Water below 
ground level 

Parts per 

Total 

solids 

100*000 

Nitrate N 
as N 

Total lb. of 
NaNO;, ill 
well 




f75-04 

0*36 


76 

20Ui November 1026 

137" 

< 74*72 

0*34 

^7*09 




k74*56 

0*34 

/ 




r 76'00 

0*38 


77 

2(ith „ . 

157" 

< 1&T2 

0*36 

J-7-09 




(.75*28 

0*36 

/ 




r75*6 

0*34 


78 

4 til Deccnib(?r ,. . . . 

151" 

J 74*32 

0*34 

)-6*60 




k75*04 

0*34 

/ 




r760 

0*34 


71) 

nth „ „ . . , 

155" 

< 76*96 

0*34 

Wol 


i 


i.75-6 

0*34 

/ 




nrr 1 1 

0*40 


80 

ISth ,, „ . . . 

153" 

J 74*9() 

0*40 

W*82 




(.74*96 

0-40 

/ 




r 76-OS 

0*36 

^1 

81 

2Uli .. . 

161" 

< 75*6 

0-36 

V7-J3 




L7 4-.32 

0-40 

/ 


Tiio former eoiitiiiiied piiictically no ]iitrat(5, nitrate ‘0105 parts nitrogen 
p<‘r 100,000 or 0*2 J8 If). NaNO.j in the wliole well. The latter well was fairly rich 
in nitrate, viz,, 0'22G parts of nitrogenper 100,000 or 3'52 lb. NaNOg in the whole 
well. With tlie first rapid rise of both wells about the 7th July, tlio forinor increased 
in nitrate content and the lattiu- lost, nitrate and by mid July the total nitrate cojitent 
was about equal in the two wells. The nitrate content tlien increased in both, in 
the case of tlie Alkaline well, it rose almost to its highest })oint abruptly at the end 
of July when it contained I’G lb. NaNOg in tlie wdiole well. It remained constant 
at about this level of nitrate content till mid August. The Students’ well showed 
a gradual rise in nit rate conteiit and reached its maximum content of 3*8 lb. NaNOg 
just after mid August. The more abrupt rise in nitrate conkiiit of the Alkaline 
well was accompanied by a more abrupt rise in the well level than occurred in the 
case of the Students’ well. It is probable that this diil’erence in rapidity of rise 
between the two wells is due to the fact that tiie soil surrounding the Alkaline wpII 
was irrigated during the dry weather. Water would percolate more rapidly through 
tiiis moist soil than it would through the drier unirrigated soil surrounding the Stu- 
dents’ well. 
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Both wells reached their highest water level in the last week of August, but 
from the 3rd week of August a steady fall in nitrate content began and each well 
contained only about I lb. NaNO^ by mid October. The levels of both wells began 
falling steadily from the beginning of September. The Students’ well never again 
recovered its nitrate content and in May 1920 it contained not a trace of nitrate. 
At the end of October, however, the nitrate content of the Alkaline well began to 
rise steadily and throughout the cold weather 1925-2() it contained more nitrate 
than at any time during the preceding rains. Early in November it contained 
4*2 lb. of NaNOj or nitrate nitrogen —*22 parts of nitrogen per 100,000, and on 
January 1st, 1926 it contained 8 33 lb. of NaN().j or nitrate —*41 parts of nitrogen 
per 100,000. The rise in nitrate content of this well in the cold weather must be 
ascribed to the fact that it was used for irrigation of the surrounding land during 
that period. This irrigation water circulated through the soil back to the well. 
Rapid nitritication took place on this moist soil and the excess nitrates were, of 
course, washed back into the well. That there were large accumulations of nitrate 
in the cold weather of 1925-26 was proved by tlie fact that there was a sudden flow 
of the tile drains in this area on Noveml)er 9th, following a U" fall of rain and this 
drainage water was exceedingly rich in nitrate. The results obtained from these 
two wells in n)26 were similar to those of the juovious year. The rise of well level 
early in the rains was again more abrupt in the case of the Alkaline well tixan in 
that of the Students’ well. It is remarkable, however, that during the rains of 192G 
the Alkaline well was mu(;h richer in jiitrate than during the ])revious rainy season. 
Thus in the rains of 1926 it reaclicHl the maximum NaN( >3 content of 10’8 lb. and 
from 6th July to 25t h August never fell below 7 lb. of NaNO.,, whereas during the 
rains of 1925 it only contained a maximum of 4*6 lb. The Students’ well, however, 
reached a maximum content of only 3*3 lb, during the rains of 1926 as against 
3*8 lb. in the previous rainy season and generally appeared to contain less nitrate 
throughout the rainy season of 1926 than in li)25. Moreover, in 1!)26 it had lost 
rll its nitrab) ))y the ejid of October, whereas in the juevious season it contained 
unail amounts of nitrate througliout the cold weatJier and up to May 1926. Small 
iiiiouiits of nitrate wore, however, found in this well subse(pient to October 1926, 
It is difiicult to find a reason for the difference in behaviour of these 
3WO wells in two succeeding seasons. To a certain extent, the year 1926 was 
3Xceptioiial in that there was a fall of about 6" of rain in the 3rd week of 
May. This may have encouraged nitrification on the liighly manured soil 
around the alkaline well to a greater extent than on the unmannred soil round 
the Students' well. 

Before leaving this question of well levels, it will be of interest to draw attention 
bo the fluctuations which occur in the level of the Alkaline well as compared with 
the level of the Students' well. This is well seen in the Chart and it is only neces- 
sary to remark that the fluctuations in level corresponded to the periods during 
A'hich the Alkabne well was being used for irrigation. 
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2. Los.^rs of vitrate from the w(dl water, 

Tt will ])o f)bvions from the Tahio and Cliart that the nitrate which passes into 
the well waler frnulunlly di-a[)pear.s. The Students’ well contained a maximum 
amount of 3*8 lb. of NaNf)^ in the rains of 1925. By May 1925 this had completely 
disappeared. Tlie surface area of this well is 17‘72 square yards. The loss of nit- 
rates of soda per acre per year in the underpjround soil water which occurred on the 
unrnanured area surroiindinir the Students’ well may thus be taken to be 4840/ 
17*72 X3*8 or 1038 lb. In the rains of 1925 the loss observed was 3*3 lb. of NaNO.j 
*=4810/17*72 <3*3 or 901 lb. NaNO., per acre. In the case of the manured land 
surrounding^ the Alkaline well, the losses would appear to bo far greater. Thus on 
3rd August 1925 this we'l contained 4*8 lb. of NaNO-^ and on 12th October it only 
contained 0*18 lb. of N'aNOg a loss of 1*32 lb. of NaNO j. The surface area of this 
well is 19 square yards, hence the loss per acre in 1925 was 1840/19x4*32 or 1100 
lb. of NaNO,. Figures for the early part of the year 1925 are not available. On 
the 18th January 1925 this well again contaiuiMl 8*33 lb. of NaNO., and on 19th 
April this amount had falhuito 3*3 lb. a loss of 5 lb. NaNO., =4810/19x5 or 1274 
lb. NaNO., per acre. Ou 10th August 1925 this well {igain contained 10*83 lb. NaNO., 
and by 23rd Octoixu’ this tigiin^ had billen to2*8t) a loss of 8 lb. NaNO,, - 4840/19 X8 
or 2037 lb. NaNO., f)er acHL 

Tt thus appears that the unmanured unirrigated soil surrounding the Students’ 
well annually loses nitrate <H]uiva1ont to about 1000 lb. nitrate of soda per aero 
or say 155 lb. nitrogen, Tii<‘. irrigatiMl highly manured soil surrounding the Al- 
kaliiKJ well lost, during tlu^ year 1925 nitrate e((uivalent to 1274 [-2037 -3311 lb. 
of NaNO, per acre or say 550 lb. of nitrogen. In making those calculations, wo have 
assuiTKMl that the water table is a continuation of the well level throughout the 
subsoil and that the whole of this subsoil water sufTers losses similar to those of 
the well wal(3r. This we consider a reasonable assumption. If it wore not the 
case, one would not ('xpe(*.t the complete di.'^appea ranee of nitrate from the well and 
absence of nitrate for 5 7 W(3eks or more as we found in the case of the Students’ 
well in May and June 1925 and again from the end of October 1925 to date of writ- 
ing (January 1927). If the rest of the underground water contained nitrate, it 
would surely dilTuse to s )me extent into the well. 

These losses are enormously greater than have been observed elsewhere. Thus 
in the Broadbalk^ held at Rothamsted the largest loss of nitrate nitrogen from any 
of the plots is (' 0 ]n})uted to be about 78 lb. annually. This was from a plot receiv- 
ing minerals f 100 lb. ammonium salts. The unrnanured plot was computed to 
have lost less than 18 lb. nitrate nitrogen. However, these figures are but a rough 
ostimat(3 since the amount of water passing into the subsoil was not accurately 
measure.d but was in part computed from the flow through the drain gauges. Ba- 
thanr in work on tln^ drain gauges at Cawnporo found an average annual loss from 


Book of till' Itot }jain.'<to(l Kx|K*riTin*iit.s, Hall Riissoll, p, 2.35, 1919, 
Thpi. .If/;/, hnlin, Vhcin. Scr.y Vlll, No. 8, p. 138, 1920. 
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the 6-foot drain gauge during 1905-09 of 81 lb. nitric nitrogen per acre. In sijb?(^- 
qiiont years the loss was nnicli less. At Cornel! U.S.A. it was found tliat 69 lb. of 
nitric nitrogen equivalent to 419 lb. of NaNO.j were washed out of uncro])ped soil 
annually^. 

Hence it appears that either the losses of nitrale nitrogen from the soil at Nagpur 
are much higher than at Rothamsted, Cawnpore and Cornell or (ds(^ the figures 
recorded for those 3 latter places are low. 

A reference to Part I of this ])a])cr (p. 173) shows that in our work on the 
nitrate content of the soil a mininunn annual loss of apf)roximate]y 80 and 101 lb. 
of nitrate nitrogen was observed in 1925 on uninanured and manured soil res]'>ec- 
tively. For reasons there stated these figures must be on the low side. 

3. Vari(ifi())> in compasifion of woll u'iUer at diforiit depths. 

The necessity was early recognised of sampling the well water at difTerent depths. 
Since August 1925 1>oth wells were always sampled (a) near the bottom (h) half 
w\ay up (c) just below the surfaci^. A consideration of th<^ analyses made at these 
(litTerent de])ths brings (uit ])oints of great, interest. Tt will perhajis be best to con- 
sider in detail only the results for the si^ason 1926 siiua^ the sam})ling at 3 diU’ennit 
depths in 1925 began late. Tt will be seen, however, that in general tiie 1925 figures 
where available support our gcTieral remarks on the 192t) figure's. 

A study of those figures shows that the 2 wells Ixdiave diffenmf.Iy. alkaline 

well shows at each saTupling a uniform content of total solids at each d(q)th on al- 
most every occasion. As will be seen in tlu^ next paragraph, tl)e total solid c<)ntent 
of this W'oll water show’s only a small variation throughout the year and it w’ould 
seem that the distribution of salts throughout the soil and well water has reached 
a condition of Cfjuilibrium so that tlu' p<Mcolate into the well always lias a more 
or less uniform cont<*nt of total solids iri solution. y\s n'gards the Stud^mts’ well, 
it will be seen that on 13th tfuly 1926 the first rapid ris(^ of w'ater level took ])lace. 
Previous to that date, tlie total solid cemtent of th<^ 3 difierent d(q)t]is samph^d wms 
approximately constant, at about 60 ])a.rts per lOO.OOO. On tla^ 13tli fluly, however 
when the rise took ])lace tin*, bottom lav<*r ('ontained 58*61 parts ol total solids per 
100.000 and the top layer only 50 parts. Tliis difh'ience in composition \wis main 
tained on each subs(M]uent season in which the w’ell w’as samjfied until 3rd Se})t(un- 
ber 1926 after wdiich date tin* well level began to fall arid then the total solid con- 
tent at each level l)ecanie uniform. Tt is obvious that in the case ol tliis well the 
percolate through the soil is les.s conc(mtrated in total salts than the wa*!! water itsdi. 

As regards the nitrate content at the difierent d<;pths, it. will be seen that in 
the case of the Students’ well before the. 13th July 1926 there, was no nitrate in tfie 
w^ell water and when the level began to rise on 1 3th duly a considerable amount o( 
nitrate was found in the surface layer and only minute traces at l()W(u dej)ths. From 
that date onwards until 3rd September, the surface layer of tin*, well always con 

‘Natuif* and Propoitir-S of Sojl.^, I.yon and |{u(‘knian, p. 208, 
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taiiied most nitrate, but after that date when the level began to fall and no more 
percolation took place into the well the nitrate was more or less uniformly distri- 
buted at each depth. 

In the case of the alkaline well the nitrate content of the water at each depth 
is more or less uniform at each sampling though there are occasional indications 
that tlie top layer is richer than the lower depths, c.f/., in the analyses made in Sep- 
tomber and early October ]!)25. 

4., Seasonal chatnjes in (he total solid content of (he wells. 

As mentioned in the previous section the two wells show a well marked difference 
when consuh^red from the point of view of their total solid content at different sea- 
sons of the year. Tiie alkaline well varies remarkably little in total solid content 
of its water throughout the year. In the lujt dry weather when the well is at its 
lowest level, the water rontains about 75*78 parts of total solids per 100,000. Du- 
ring th(i rains it contains rather less. c/:.. 00*70 parts per 100.000. The Students’ 
well, however, shows a remarkable differences in its total soliel content at diffe^rent 
seasons. -During the^ cold weather an<i early hot weather its total solid content 
varies from 55-00 parts per 100.000. Immediately l)efoi*(; the rains at the end of 
the hot weather tln^ total solid CA.ntent shows a slight tendency to increase, but when 
the well begins to risc^ it is obvious that the water percolatirig into it contains much 
less solid matter than the W(dl water itself and by 8e[)tem})er the well water contains 
only 13 to IT parts of total solids per M)0,000. In the cas«‘ of the Students' well 
it would aiso appear that the total soli<l content of the water was distinctly higher 
in the hot weather of 1025 tha?i in t hat of l!)2ff, wIkumms there was no such difference 
in the case of tln^ Alkaline well. As the hot weather advances there appears to bo 
a distlixO t(md(mcy towards concentration of the Wiiter inline Students' well, but 
no such tendejiey in the ca.so of the Alkaline well. 

The cause of tlni difference biff.weim lln^so two W(dls must be ascribed to the 
fact that the Alkaline well has been used for irrigation for years past and is used 
regularly t hroughout the cold weather and hot wi^atlnu*. There is thus continual 
circulation of water down through the soil and into the W(dl, and there is a tendency 
for the soil water a.nd the well wator to become uniform in composition. On the 
other hand, the Students’ well is never used for irrigation and during the hot weather 
there is distinct con(;ent ration by (‘vaporatio?i at the water surface. 

ft is of interest to point out here that the irrigated area surrounding the Alkaline 
area only measures half an acre and since there is such little change in the com- 
position of the well water it would appear that very little lateral diffusion of the 
subsoil water takes place. 

5. Cnrbonole and bicarbonate of soda contents in the well loaters. 

The two wells have been regularly analysed for carbonate and bicarbonate, but 
it is hardly wortli while burdening this paper with the complete figures obtained. 
It is sutiicieut to say that the total solids consist mainly of sodium bicarbonate 
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with a small amount of nonnal sodium carbonato. As regards chlorides, sulphates, 
lime and magnesia, their quantities are small, as shown in the following analysis 
carried out on Dth September 1926 : 


Well 

Ptjsition in 
well 

Total 

solids 

Halts f)er lUO.UUO. 


S()-‘ 

Cat) 

. 

.M-c 


r 

Bottom 

US' 4 

•2 


a-r.7 

MS 

Alkaliiu* well . 


Middle 

7e-s 

LSI 

ll<ki 

:t49 

1 oS 



'top 


L»(i:{ 


.LoS 

11)2 


r 

Bottom 

4s:{ 

1 ‘I.-) 

204 

lol 

1 72 

Students* Well . .< 


Middl<‘ 

4.7-U 

1 :u 

1 -ss 

(l-Sti 

1-72 



'top 

i:m 

1-4S 

1-til 1 

0 91 

it;2 


Analyses made in June 1920 gave substantially the same lignn's. 

The (piestion of tin* form in wliieli the nitrate is \vas}i<‘d out of fhe soil becomes 
interesting. If it were* washed out as nitrate of ealeium o]U‘ would have expiaded 
to (ind large amounts of ealeium in the wat(‘r. As a matter of fact tin* water is 
poor in linn*. It s(*(mis that th(‘ nitrate must be washed out as nitrate of soda. It 
is thertd'ore suggest (‘d that wli<*n this eompouml denit rilies. sodium carbonate 
and sodium bicarbonate are formed. It. is signilieant that. th(‘ w(‘ll whi(*h has \)vvu 
used most regularly for irrigation contains most bicarboTuite and carbonat.(‘. This 
also is tin* well which sufbns tln‘ larg<‘st loss of nitrate. 

llalU has shown tliat sodium carbonate is forme<l in the soil from sodium nitrate 
under certain conditions. The j)oint is int<‘r<‘sting on irrigated soils in a hot climate 
because^ if a well is used for irrigation th(‘ continual p(‘rcolation of th(‘ well water 
throughout t.he soil and back to th(‘ well must <‘V(mtually residt in an accumula- 
tion of sodium (*arbonate in the soil. It will be of inteK'st toiecall that a, few years 
ago wh(*n there was ashortag(M>f watci in Nagpur, ciatain mend>ers of f lu* Agri- 
cultural l)(q)artment utilized the water of the .\lkaliiH‘ W(‘ll to water jdants in j)Ots 
and they were killed. 

(fKNKHAL BEARINO OF THE UESITLTS ON THE MAINTENANCE OF FERTILITY IN BLACK 

('OTTON SOIL. 

We have shown above how (mormons are lh(‘ losses of nitrate* nitrogen from tin' 
soil at Nagpur. 

On unmanunsl unirrigat(‘d soil this loss is apjiroximately etpial to 1,000 lb. of 
nitrate of soda or say 160 lb, of nitrogen. On v.(‘ll-irrigat(Ml highly manun‘d soil 
the loss appears to be more than times as gnmt as this. JIow(‘V(T, it is unlikely 
that any soil in the Central Provinca^s nmeives such abnormal dressings of mamiri* 
as have been applied to the land on v hieh the.se figures w(*re obtained and siiua*. 
moreover irrigation is not practised in the soil on which we art* working w^e w ill only 
coiLsitler the unmanured unirrigated soil. 


^ The Book <#f tht^ KotlianisteH E.Nfirriiiients, 1919, IlaJl an<i JUi.ssell, f). auu. 
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Assiimin^j;, therofore, that a loss of 160 lb. of nitrate nitrogen annually takes 
place from umnanurc'd iiniiTigated soil, it will lie of interest to cfilciilatc in how many 
years the soil will become completely exhausted of nitrogen. It is usually assumed 
that nitrification takes ])lar*e only in the top 9'' of soil in England, i.e,. the cultivated 
portion. In India the cultivated })Oition may be assumed to be not more than 6" 
in deptli and our figures and Charts in Part I of this paper indicate that most if 
not all nitrification takes [ilace in this ])ortion. The weight of an acre of black 
cotton soil 6" deej) may be taken as roughly 1,500,000 lb. This contains roughly 
*05 per cent or 7,500 lb. of nitrogen. Rince the annual loss from the soil of nitrate 
nitrogen amounts to about 160 lb. the top 6" of soil should be entirely depleted of 
nitrogen in 7500/160 say 47 years. From a comparison of analyses by Dr. Leather 
made on th(‘ same soil 25 years ago with those made by us recently, the soil a | ears 
to have suffiTcd no loss in total nitrogen during that period. It can only lie as- 
sumed therefore tliat fixation of atmospheric nitrogen is taking idace to a lari^e 
extent in black cotton soil. It is also of interest to observe that the nitrogen con- 
tent of tlie soil r('mnins nearly constant from year to year and that therefore some 
kind of physiological nitrogen balance must be maintained in the soil. This is pro- 
bably du(^ to th(i fact that the conditions favouring nitrification also favour nitrogen 
fixation. 

llowe^ver, if these large* losses and gains of nitrogen are taking place in the soil 
one would expect to find distinct variations in the total nitrogen content of the soil 
at different ])eriods of the. year. In order to test this many hundreds of determina- 
tions of total nitrogen have be<*n carried out both on the unmanured and manured 
])lots.*' Tlu're is no object in Inirdening this paper with a mass of figures but it will 
be suffieient to give a few figures showing the variation in total nitrogen content 
of the soil from time to time. 


Total nitrogen content of the soil at various ])erio(Js. 


Date 

in dry soil. 

Ihit'ianured plot 

ManunMl [)h>t 

0-0" 

0-12" 

0-0" 

()-12" 

lsiJulv]02r) . 




•000 

•0.70 

'071 

•050 

.'ircl Au^u.-^t 102;") 




•oat 

•or>i 

•05S 

•055 

23 el iSeptcinbor 11120 




•00 1 

•000 

•058 

•055 

71 h OctolHM- ia2r> 

. 


. 

•003 

•or)2 

•071 

•003 

2r)th Novotnlior 11)2“) 




•007 

•000 

•006 

•050 

3rd Fi'bruarv H)2(» . 




•Ool 

•047 

•055 

•040 

31st March 1020 




•001 

•051 

•050 

■ -048 

30th April 102(1 




•or)7 

•053 

•006 

*055 

4th June 11)20 . 




•000 

•052 

•067 

•053 

30th June 1020 




•07o 

•052 

•062 

•050 

10th July 1020 




•o.-»<) 

•004 


•000 

24th August 1020 . 




•071 

•053 


•000 

IGth Septemlx'r 1020 




•004 

•049 


050 

21.st October 1020 




•000 

•052 


•051 

20ih NovcTuher 1020 



- ‘ ' 

•061 , 

•047 

1 -059 
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These fi^^ures indicate that there are considerable variations in the nitrogen 
intent of the soil from time to time. 

However, there are distinct differences in the nitrogen {‘ontent of the soil of 
ifferent parts of a plot on the same day. This is shown in the next Table. 


Plot 





1 

2 



/ 

oar 

•oar* 

•OS t 


•070 







1 

0-12" 

•O.M 

•o :»2 

■Of)! 

•0.71 


These differences, however, are not ns great as thos(' wliich occair at differ(‘nt 
eriods of the year. 

In the next Table arc set out figures simwing the results for total uiirogen esti- 
lation carried out in quadruj)licate from the same soil saTuplr*. In one case 
he soil was passed through a. 3 mm. sieve befor<^ weigliing out tlu* portions for 
nalyscs and in the other case it was not siev(*(l. 



IVr cont iiifrof'ct) ifi 

i<hiij>li(al(‘ <!t‘ 

Ooinina- 



tioii on tJio saiiK' ,soiI 




Analysis 

nnnib(‘r 



1 

<y 


4 

oil sievod ...... 

•OCm 

•(Mil) 

•070 

•oos 

oil iniHieverl ...... 

•(M>2 

•(MiS 

•OJil 

•00:1 


It is, we think, clear therefore that the variations in nilrogen contemt of the 
oil from different parts of the same plot on the same day aiul on th(‘ saine plcjt at 
lifferent periods of the year arc real variations inasmuch as they are much ercatfir 
han the experimental error involved in the method of analysis. 
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PART III. 

OBSKRVATfONS ON THE DRAINAGE WATERS FROM TILE DRAINED 

AREAS. 

Tho plots which have been described as under experiment in Part I of this papci 
are all iind(*rd rained at a depth of 2' 0" by tile drains and the outfalls are so 
arran^(Ml that the drainage from each ])lot can be collected separately. 

The hi"hly maiuir(‘d irrigated area surrounding the alkaline well is also simi 
larly undeniraiiied. As already mentioned, the Students’ well has a tile drain 
discharging into it which drains an unmanured unirrigated area. These drain:^ 
of (Mjurse, do not allow of any (juantitalive m(‘asurc of the drainage since it would 
be irnpossibh* to eolh‘et the drainag(‘ of the whole areas drained. The concentra* 
tion of th(‘ drainage wat(T in nitrate, however, provides some indication of the 
}i, mount of nit rate pr(‘sent in the soil throughout the rainy season which is the 
oidy pe‘riod at which any drainage normally takes place. In the ease of the irrigat- 
e<l ar(‘a surrounding tin* Alkaline well, a certain amount of drainage was observed 
during th(‘ cold vveatln*!*. but this wdll be referred to later. 

The following 'Fable glva\s tin* dates on which drainage took place from the drains 
under observation, together with tin* nitrate* (’ont(*nt of tln^ drainage water. The 
data relate* to tin* following areas : 

(a) Unmannred cropped plot. 

(h) Manured cropped j)lot. 

(e) Manur<‘d uncropped |)lot. 

{(I) Drain from nnmannred area into Stnd(‘nts’ well. 

(c) Drain from alkaliin* area around Alkaline wa*ll. 

{(t), (h) and (c) are the plots (:i), (1) and (2) r(‘spectiv(*ly referred to on page lot; 
under |)eriod (h). In the y(*ar 1925 data for the manured uncropj)ed plot wa*re 
not available and also tho data, for plots (<() and (h) an* incomphde as c.onsidera.})l(' 
trouble was e\|)erie?ic(*d with broken drain pip(*s under those plots in that year. 
The drains wa*n* repaired ))elore tin* season of 1920 however. 

Table Vlll. 


Nitrate adroijia parts per lOOfiOO in drainage water. 

mf}. 


D.ilr 

. _ 

Drain in 
.ilUalin<‘ 

a rt-a 

Drain in 
Slndonts’ 
AVfll 

Dninannred 

plot 

rro|)|)od 

.Manurt'd 

plot 

t*rnp[)i»d 

.Manuivd 

plot 

nncropptMl 

,Iuly Till . 


U'71 




„ Stli 



U-74 

ll(> 


lOtli . 

2-0 J 


n-2(> 

1-9:3 

•• ^ 
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Table VIII. 


NUrale nitrogen yurts per lOOjtHH) in drainage water. 

1925. 


JJate 

Drain in 
alkaline 

area 

Drain in 
Students’ 
well 

I'ninamired 

Plot 

erop[)e(l 

Manured 

Plot 

ero|)})e(l 

Manured 

Plot 

unero|)ped 

July 

nth 

. 

. 

lo5 






IJth 



r8a.m. 1-93 
Xop.m. 1*77 

'i 

J 


llil 


•t 

14tli 



1-71 

0*10 





15th 



0-90 





♦» 

17th 



. . 

0*22 




M 

18th 



on 

0-19 


1 -(>3 


>• 

20th 



0*10 





if 

23rd 



0-08 

0-l() 



•• 

t 

29tli 



J8 a. in. O-IO 
^5 p.in. 0*52 

j-0'12 


012 


n 

30tli 



Util 

0-20 





31.st 



0-()8 

0-24 




Auj^iist 

Jht 



0-(»0 





9i 

3rd 



0-4(1 





t' 

()th 



0-07 






7th 



("8 a.m. JOl 
\;i [Mil. 0-9(i 

|o-41 




- 

8th 



0-80 

r 8 a.m. 0-31 

1^3 p.in. 0 80 

}■ 



.. 

loth 


• 

0-48 

0-24 

0 10 

0 20 


- 

nth 


• 

1" 8 a.m. 0-4() 

\4 [Mil, 0*50 

^0-20 





13th 


• 

0-28 

•• 

• • 

•• 


•J 

14th 


• 

0-18 

•• 
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Table VIII. 


Nilrale nitrogen jjwrts per 100,000 in drainage water, 

lh25. 


J)ulo 

Drain in 
alkaline 
area 

Drain in 
Students* 
well 

Uninanured 

i*lot 

cropped 

Manured 

Plot 

cropped 

Augu.st 

ISUi 

. 

. 

0-08 

. . 

. . 

. . 

»» 

17th 

• 

• 

C 8 a.m. 0'3() 

\:i p.in. 0-24 


0-30 

0-21 

li 

18Ui 



0-30 




»» 

lUtli 



0-28 





2()th 



0*20 





2lHt 



U-21 




•r 

22iid 



0-23 





21tli 



0-25 




•f 

25th 



0-24 


0-00 


.. 

2()tli 



0-18 




f j 

27th 



0*25 




ff 

dlst 



0-20 


0-05 

0*14 

hioptonihor 

Jsl 



0*21 




»• 

2iul 



0-20 




ff 

3rd 



0*2() 


0-00 


M 

4tii 



0-lG 




•• 

5th 



015 





7th 



0*04 

“ 




8th 



002 





Otli 



000 





21st 



020 




... 

22nd 



0-lG 


1 


»» 

23rd 



000 




Mo\einl)cr 

loth 



3-10 





Manured 

Plot 

un cropped 
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Table VIII. 


Nitrate nitrogen ■parts per lOOfiOO in drainage water. 

1025. 


Date 

Drain in 
alUaliuo 
urea 

1 

Drain in 
Students’ 
well 

Uniuanured 

].lut 

er()])[ieil 

.ManimMl 

|)lnl 

cro]i|)(Hl 

i\Ianinvd 

plot. 

ijnerup})eil 

November 23rd 

U03 





January Ctli 192G . 

1-2U 


.. 



No. of days on which drain- 
age occurred 

.. 

13 1 

7 

S 



1926. 


July 

10th 

• 

• 

3*52 


0-8G 

1-7 

1-54 

s> 

12th ' 



2*44 

O-hG 

0-80 

2*00 

1-3(1 


13th 



1-7G 

0-44 

0’8G 

1*()0 

112 

it 

14tli 



1-84 


0-G4 

108 

O-GO 

August 

4tli 



1-GO 

000 

0-42 

0-32 

0-42 

» 

7th 



1 -38 

0-40 

0*28 

0-40 

01)4 

it 

Otli 



0-80 

0*22 

O'lG 

018 

0-34 

if 

loth 



0-72 

(>•20 

0-12 

018 

0-24 

a 

nth 



0-5G 

0-22 

0'07 

0-10 

o-io 

M 

12th 



0-48 

0'22 

007 

0-07 

0*20 

it 

14th 



0*04 





•j 

[IGth 



0*52 

018 

0*08 

0-04 

022 

a 

17th 



0-42 

•• 

001) 

O-OG 

O-ll 

it 

18th 



OIG 

0-03 

0-02 

002 

0*04 

tt 

lUth 



0*40 


007 

0*01) i 

0-15 

•i 

20th 



0*72 


005 

008 

0-18 

fj 

21st 



0-28 


0-01 

o-oi 

olo 

»i 

24th 



0-10 

. . 




it 

25th 



0-22 





it 

27th 

• 

• 

0-28 


003 

0-04 

1 

0-07 
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Table VI 11. 


N Ifrufc nilrtfgen parts per IOOJ)(H) in draimige wafer. 

1026. 


Date 

Drain in 
alkaliiu' 

area 

J>ra!n in 

St inljiit. s’ 
well 

Unnianured 

|4ot 

eropiRul 

Ma mind 
f>lot 

croppeel | 

Afanured 

plot 

uncroppod 

Aii;4eist 28th 

n*2(> 


■ ■ 

oo;j 

001 

oor, 

:mtii . 

n-2!) 


0*01 

0‘0.j 

0*09 

Sca>U‘nilMr J.^t. 

024 


0tl2 

OtMi 

00.7 

aid 

0*J0 


000 



loth 

018 



00 1 

001 

i;nh 

(CtKl 





„ nth . 

O-Ot) 





Xe>. of ilaVH in whii h ilram- 
a;:;!’! oi i iirri'il 

27 

10 

21 

21 

21 


Discussion of results. 

/. Nantbrr of (lags on which drains were ranning. 

It at oiu (* l)(M)l)vious that Ihr alkaliiio area ^avr niucli nioro drainage both 
in the yc'ars 1!)25 and than any other ar(‘a. ^Fhc' ta-bh* gives the number of 

days on whieii drainage occurred. In it is not fair to consider the uiimanured 
and nuinured j)l()ts undc'r tliis ])eriod since' as was pri'viously noted the drains gave*- 
trouble' and on bi'ing opened up late* in tin' rains wen' lound to be* ])roke'n. How- 
e’ver, it will be' se’e'ii that ill the alkaline area the' elrains ran on tb days eluring the' 
perioel *luly 7th to flanuarv 5th, 192<). The' drain in the Stueh'uts^ well only ran 
during l‘» days and ce*as('el altogethe'r on 1 Ith August. The' small amounts of drain- 
age re'ce'ivcd in August and Scptembe*r fnun tin* uninanure'd plots wore almost cer- 
tainly not true elrainage* but pe'icolations fiom a ditch into the broken drain near 
the outfall. 

It is e]uite obvious that drainage was much more' regular from the alkaline area 
than from the' area siiiTounding the Students' we'll. Also the forme'r area conti- 
tUK'd to give* drainage rigid througli August and Septeinlier. Jn November this 
area gave more elrainage* as a result of the e*fTec-t of 2" or 3" of rainfall together with 
irrigations wliich were* a[)])lieel. The're was a. lurther iiow of drainage from this 
art'a on the 5th January HJ2t), against the result of the combined effect of irrigatiou 
with a fall of just over an inch of rain. 
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In 1926 all the drains were in good order and hence we are able to consider all 
the five areas under experiment. The alkaline area again gave drainage on more 
days than any other area, but the difiercnce was not so marked and in this season 
there was no flow after September 14th in spite of irrigation in early November 
and a fall of 0*64" of rain in December. The dilTerence between the two seasons 
is mainly due to the fact that in November 1925 the rainfall was 5*28", wliereas no 
rain fell at all in November 1926. The following Tal)le gives tlie rainfall for July, 
August and September for the years lil25 and 1926 together with the number of 
days on which drainage was received on two of the areas : - 


Yc*iir anU iiKJiilli 

naiufali 

Xn. of (la\s oil wliii li iliains lan 

Alkaliiu* w(‘ll 

Stiulfiils’ well 

1920, July 

looO 

11 

9 0 

1920, July 

2OS0 

1 

2 

192oj Auj^ust 

2:j- 1 j 

21 

4' 

1920, „ 

17-07 

IS 

s 

1920, 8e]jt(iinlM.T . . . , . . 1 

;{-7o 

11 

•• 

1920, 


o 




1 

■) 

1 

i 


1925-^ August 

^12-09 

1 

•IJ 

la 

1 

^Scpleiiiber ...... 

1 

j 

r-u 

L. 

1920, „ 

1 1 

27 

10 

1 

It will be seen from this Table tbat the 

rainfall in the 

2 years for tl 

i(‘se J months 


was practically the same, yi‘t the drains ran far more olteii in 1925 than in 1926. 
Taking the montli of July alone, the rainfall in 1925 was 5" less than in 1926, yet 
the drains ran far more frequently in July 1925 than in July 1926. Jt is natural 
to assume that besides the total quantity of rain, tlie amount of individual falls is 
an important factor in determining the quantity of diainage. 

If the falls arc light, the soil is able to deal with them ; but if sudden falls occur, 
th(‘ water either scours the surfacti or percolates rapidly <lepleting th(^ soil of nit rate. 
One of the beneficial cft'ects of drains on laud such as ours is that they enable it to 
deal more quickly with tlu'se excess falls of rain and to prepare the soil to ])rotect 
itself better from the washing or scouring effects of any subsequent heavy falls. 

The more frequent action of the drains on the alkaline area must be connected 
in some way with the fact that the soil is irrigated throughout tlui dry months. Jii 
consequence, it requires less rain to raise its water contemt to the point at whi(ih 

h' 
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(Iraiiiaj^c .starts than does the unirrigated soil. However, once both soils had be- 
conui saturated one would have cx2)ected botli to behave similarly subsequently. 
It may l)e that in the unirrigated soil there arc larg(j fissures and that much of the 
water which could normally pas.s into the. drains on a moist soil pass down these 
lissures to the subsoil wat(*r supply. It may be, of course, that the water table in 
the irrigated is n(‘ar('.r the surface than in unirrigated soil and thus would tend to 
cause tlu! draiiis to flow more fn*.qu(aitly by (;ausing a certain amount of obstruc- 
tion of th(‘. downward flow of water. 

2, The. nitrate cojtlent of the drainage water. 

In th(i first placai it will ])e noticed that wlien the drains first began to flow at 
tlie })(iginning of the rains tie* drainage was richer in nitrate than on any subseqinuit 
occasion. In the cas(i of tin* richly manured alkaline area and the manured plot 
this i\ehn(‘ss in nitrate is maintained for some time longer than in the unmanured 
area.s. 

In th(^ sea, .son 1925, it will b(‘ s<‘(‘n that afier the middle of July die nitrate* ( on- 
centrations of the drainage* wat<*r fell away rapidly on the alkaline area. On the 
29th July there was a distinct r(‘cover} in tlie nitrate concentration of the drainage 
wat(T. A r(‘fer(‘nce to Table I and Chart 1 in Part 1 of this paper shows that this 
incr(i{i.se corn‘sponds to a period wln*n the nitrate content of the soil showed a sud- 
den increas(‘, s(‘(‘ also ri'inarks on page 172. There was a further recovery in 
tlKi nit rate concent rat ion of the drainage from the alkaline area on the 7th August. 
On the loth Novemb<*r th(*re was a flow from the drains under this area and this 
flow was exce(‘(lingly eonc(*ntra.t(*d in nitrate. Nitrate estimations had not been 
carri(*d out in tin* soil of this ar(‘a. but it is evident that the irrigations carried out 
in October and early Novenilxu* tog(*ther with cultivation in prej)aration for a cold 
weather crop had (*nc(uiraged rapid nitrilication. This is also borne out by the 
curves for Jiitrate coid^nt of tin* well on the alkaline area at this period (Part 11), 
which shows a raj)id ri.s(‘ in October and Nt>vember. In the season 1920 the richly 
manured alkaline ari'a and tin* manured areas again gave drainage much more con- 
centrated in nitrate in the ])t'ginning of the rains than any of the other areas. In 
general, the nit rate content, of the drainage water showed a steady falling oil in every 
case, as the season advanetnl. This is again evidence of the fact that nitrilication 
is most active in our .soils just at the beginning of the rains. The fact that the drain- 
age. from the alkaline area was throughout steaflily richer than that from any of 
the othi*r areas i^; further tividence that the alkaline area contains much greater 
.st<^n‘.s of nitrate than any of the other areas under experiment. 

As will be seen, the nitrate content of drainage watttrs found by us reached a 
maximiiin of 3*02 [)art;S nitrogen per 190,000 on the richly maiinred alkaline area. 
On an area manured with only 1 tons of cattle manure per acre, the maximum nit- 
rate concentration reached was 2 parts of nitrogen per 100,000 and in the unmanured 
plot 0*80 parts per 100,000. It will be of interest to compare our figures with the 
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maximum nitrate figures obtained at Rotliamsted from the drains under Broad- 
balk plots. These are as follows* ; — 


Plot 3 uninaniired ...... 

Plot 7 ^lint-ral.s siilphato of ainiuonia in sprin*^ . 

Plot !) Minerals nitrate of so«la 

Plot lo JMinorals sul])liato of aininonia in antinnn 


0-7 

2()o 

2-03 

oO.'J 


parts nitroiren per 100,000 

»* ft »» »» 

’» ♦» M >» 

ft »• »» f» 


It will thus be seen that the fi<.jiires obtained by us at Najj^j)!!? are of the same 
o-’der as those oblaiued at Liothanist ‘d. 

Leather- working on the drainage from th(‘ drain traui^es a.t Ihisa and ("tiwnpore 
occasionally obtained drainage containini^ ove • :> i parts jmt million of nitrate iiit- 
rofTcn. AVc do not (‘onsider, howc'ver, that tlie eonditioiis in t he. Held can la^eom- 
pared with those in drain iraugc's. 


1. The drainage waters are most concentrated in nitrates when tlioy (irst begin 
to flow at the beginning of the rains. 'rinaMMltiT their fiitratc* con ton! shows in 
general a steady de(*r(‘ase throughout the rainy season. Adds c.ontirms our work 
on nitrate content in soils (Part T) in which it was shown tiuit Iln> soil reaeluHl its 
maximum nitrate (‘.oiitent early in the rains. 

2. Soil which has l)(Mm r(\gularly irrigated in tlie dry seasons gives more reguhir 
drainage throughout the rainy season and the drains continue to rini until later in 
the season than is the case on unirrigated soil. 

OKNLILVL SUMMARY. 

1. In the first part of the j)aper wc‘ have shown that when a soil is cropped with 
cotton ox jnar at Xagimr. nitrilication is only active during the rains arni maiidy, 
in the early part of the rains. The maximum accumulation of nitrate, liowever 
takes place too early In the growth of the plant to Ijo of much use to it. The sub- 
sequent heavy rains wash out large amounts of nitrate from the soil into thf*. sub- 
soil out of reach of the plant, so that at first sight nitrification is a wasteful process 
inasmuch as only a small amount of the nitrate prodiicofl is of use to the crop. Later 
in the stage of growth of the cotton ox junr there is a shorlagi^ of nitrate in the soil 
as the rain has washed out the nitrate and the pn^sence of the crop prevents effi- 
cient cultivation which might encourage nitrification. The cotton croj) remains 
on the land till December and t\\o junr crop till mid November and Inmco pn^vent 
early cold weather cultivation. It seems that only during the rains does nitrifica- 
tion normally take place in the Central Provinces soils which are under cotton or 
juar sown in the rains. If, however, the land is cropped with a cold weather crop 

Book of tlu; Kotliam.>te«l Kxpciitiiriit*?, lUlO, Hall and Rii.sscll, p. 232. 

^Rf^cords of Drainage in India, Mem, Aijri Indin, V^ol. II, No. 1, p. 02. 
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e,g,, linseed, gram or wheat, it receiv(?s efficient cultivation at the close of the rains 
and then such soil accumulates large amounts of nitrates in the surface 6* and a 
lesser quantity in the next G". Thus in the case of land which is cropped with cold 
weather crops w(i get nitrification at 2 periods, firstly early in the rains and secondly 
during the cultivation of tln^ land immediately after the close of the rains and pre- 
paratory to sowing in November. We have not so lar been able to undertake a 
study of the (dl’t'ct of intercultiin^ on nitrilicatiou, but it would a])peaT that (‘fficient 
hoeing bedaveen the rows of cotton or jtfar wli(‘neveL‘ possible during the rains and 
at the end of the rains should ])ro\'e of grc'at benelit to the crop by iiuu’easing the 
nitrate supplies available to the [)lant. I diforl uiiately, weather conditions fre- 
({U(*ntly mak(‘ this difficult and if the land is left too late the surface dries out and 
then cannof. be ellicicudly cult iva.t<‘d. 

2. On the black c.oiton soil at Nagpur it a])p(‘ars that tin- soil undergo('s an an- 
nual loss of nitrate' (‘qiiivalent to a])provinia 1 e] 3 ' KiO lb. of nitrogen. This means 
that 1h(‘ surface soil would Ix' cojupletcdy depicted of nitrogen in less than bt) years. 
A<‘tnally. it is shown that the iiitiogen eontent of tlie soil has siif’end no loss during 
till' jiast 2b y<‘ais. It seems ob\ ions, thereioie. 1 hat the loss of nitrogen as nitrate 
is eoiintei l:alan<'( (I by (he llxatiiai of Ikx* nitrogen Ik'Di tlu' all*. 

3. T1h‘ (Vntral Ihoximrs (otton giowcr is sliowii to b(‘ at an ceoiuanu’ disad- 
vantagi lo ills rivals in other parts of the world. In h^g\’pt cotton is gt(,wn niidcr 
irrigation in the hot weather and tlu' conditions are idiad for Jiitrilieation. Plen- 
tiful stoi<s of nitrate aie always ]>^^(•nt in tin* Kg}’]»tiai) eottoji soils, nutiiV' times 
as great as widind at Nagpur, and then* is !iltl(‘. i! any. need in l^’gyjit for nitr()g<'nous 
b'rtilisers. At Nagpnr (Inriitg the grc^wtii ol lie* cotton ero]. nitrates are only pio- 
dueed in any (plant it}’ eari\ in tlu* lains at a. tinu* wlien the iro}) is not- nauly to 
us<' it'. Jn th(‘ later stag(‘s of the plant's growth tin' soil is (hdicient in nitrate. It 
seems ijit‘\ ital.le tlierelcu’e that a low(‘r yield of eotton should be obtained in the 
C('iitral J‘ro\'iji(‘es than in Kgypt. This lower yield can in ])art be made good by 
tOj> dri'ssings of active nitrogenous lertilit-er. if aj>j)lie(l at the right time. This right 
time would var\' over the cotton tracT, hut would be as soon as tiiere was the ear- 
liest reasonable ehanee of no furtlu*r seriously heavy falls of rain. The question 
of the ])artial substitution of eottoji by s(jin(‘ other crop has been referred to in the 
papi'U and is also dealt with by .Mr. Allan in a nott* at the end of this Memoir. 

Certainly, a large increase in the growth of fodd(‘r crops in the Central Provinces 
is d('sirable. This would enahlo cattle to be better ferl. Tliey would then be more 
effici('nt lor work and Avonld prodiua* better class cow’s. As long as fodder crops 
are neglected, very little hope can be (*ntertaiiied of raising the standard of agri- 
cuilture in tin* Central JT’Ovinecs. 

The results indicate that efiiciimt cultivation at the close of the rains provides 
sufficient nitrates for a more extended groAvth of cold w-eather crops. 



NOTE BY R. G. ALLAN, M.A., 

Principal, AgricutlUmil College, Nagpur, 

My exporience and a study ol rainfall llgun's over tin* Inst 10 years will show 
that though we may get rain in heavy and <*ontiuuoiis (jiinntity al((‘r thi‘ loth to 
20th August the majority of the heavy rains, the wasiuTs out of formed nit rates, 
oeeurs before that date. Aft<u' the middh* ol August br(‘aks an* commoner and 
heavy downpours of extended cliara(ter, if not absent, at any rate much less fre- 
quent. If 1 were asked to give odds on the ])ro)»a]»le ellectiveness of an a|)])lieation 
of nitrate or ammonium sul})hate after tin* loth of August I woulil l.'c ineliiu'd to 
placi* it at about 4 to 1 in favour of an advantagi* from such a dressing, d'his, 1 
think, is borne* out by the g(‘nerally ])aying results ol iS luads nianiirt* with tin* cro|_> 
and 10 lb. nitrogen as nitrate [)ut on as a. top-dressing in August, wlu'ii the* j»n>gjess 
of the plant has betui checkeci by tlu* h‘aching oin ol nilraits in Jidy. 1 tiu'refoi’e 
pn‘ier the enqhasis on the importance ol tlu* iitilis.ition of such iVrtilisi'rs at the 
right time, presumably when tlu* odds a.re against sidisecpu nt lu'aw rain and as 
1 sugg(‘st sometime in tlie secMuid to third week of August deqieuding on the local 
rainfall average distrihution. 

The ust^ of a fertiliser sliouUI come as soon as a study of local rain distriljution 
gives this rc'asonable chanci*. In Berar, for instance, I would put this dat(* earlier 
than Nagpur. 

It should be noted that the work has bet‘u carried out on the wettest part of 
the cahton tract. 

Over the larger part of the (k)tton tract the rainfall rang<'s bctwc'cn 20 and 20 
inches, and presumahly tlu* longer l)roaks would allow of tlu* frcv^h formation of 
nitrates and the ahsc'iica* ol so much heavy rain would, lead to less washing down 
beloAV the root range and to a l>etter cham c for Ihrliiiscrs. 

I do not dispute the stab'ment that our conditicuis arc not^ those of tigypt and 
we are growdng cotton on less favourabh* t«*rms, hut I do not think that tlu* l(*rms 
through the cotton tract of the Geiitral Frovinc<‘s and Berars arc uni\'crsally as 
bad as those under study. We have not the Egyptian or iiTigat(‘d an‘a, conditions, 
therefore we are debarred from growdng cottons of their (pialit}’, but/ to some extent 
at any rate avc counter tliat by growing a hardier and ])oss.ibly a less exacting cotton, 
for which even if coarser, there is nornially sonu* definite market denurnd. 

The paper shows (a) that generally through the col ton tract in flu* absence of 
the fomiation of nitrates on the scale recorded in Egyj)!, our cotton is grown on 
less favourable terms, and that yields can only bo brought up by the judicious use 
of fertilisers (which makes our cost higher) and (b) that s[K*cially in the w etter tracts 
to the East and on possibly the lower lying fields elsewhere, where the natural re- 

( 233 ) 
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coipt is au^];mcnted by the flow from higher areas, cotton is being grown iwider such 
obviously (lehiftive nitrate conditions as to })e unlikely to pay, except under boom 
conditions, f would note that the cultivator realises this. About half the area 
under coiton in the Naginir District is purely the result of a boom and will go back 
to rahi or jnari witli the end of the boom as it has done so monj than once in past 
history . 

TIutc ar(‘, howf^ver, wide areas on which cotton can be economically grown, 
with normally assured ])rofit, possibly on 3J million acres out of the 5 million to 
which the cro]) has be(*n pushed l)y recent prices. 

(Jroundnut is the most hopeful substitute as a commercial crop to r('place cotton. 
It will, liowcAau*, do best in the conditions where cotton is likely to be remunera- 
tive, be., on well drained areas, where the rainfall is not too heavy, though on the 
cxjKuhuu’e (jf tlu^ ])ast. year it can, ])rovid(‘d drainage is fair, stand more rain than 
cotton. 

In the wetter tracts, eitlier climatic or soil, an extension of rahi is possible, but 
over large' areas of the cotton tra(‘t, the nature of the rains of the ])ast 20 years makes 
the growth of rahi crops h'ss safe than Uiarif. 
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mont of fntlia. Annii il ’Sidi.szri plion^ Rs, 2-S*0. Single copy As. 10. 

3. Soientitic Reports ot the Agricultural Research Institute, Pusa. 

4. Review of Agricultural Operation.s in India. 

5. Pfooooiings of tlie Board of Agriculture in India. 

6. Procse lings of S.vtional Meetings of the Eoard of Agricidtiire, 

7. Memoirs of the I ii[)erlil Denart nent of Agriculture in India.' 

(a) Botanical Series. 

(b) Chemical Scries. 

(c) Entomological Series. 

\d) Bacteriological Series. 

{fi) Veterinary Series. 

8. Bulletins issno l by tho Agricultural Research Institute, Pusa, 

9. Books. 

The following are the publications of the last two years 

Scientific Reports of tho Agricultural Research Institute, Pu.sa (includiiig the Reports of the Imperial 
Dairy Export, the Physiological (diemist. Government Sugarcane Expert, and Secretary, Sugar 
Bureau), for tho year 1?)2 j- 2(). Price, Rs. 2-8 or 4^. OJ. 

Scientific Reports of the Agricultural Research Institute, Pu.sa (imlucling tlie Reports of the Imperial 
Dairy Expert, Physiological Chemist, Govcrnincnt Sugarcane Expert, and Secretary, Sugar 
Bureau), for tho year 1920-27. Price, Re, 1-14 or .‘D. 3d, 

Review of Agricultural Operations in India, 1925-20. Price, Us. 2-(i or I s 3d. 

Review of Agricultural Operations in India, 1926-27. Price, Rs. 2 or Sj.pOd. 

PpO 30 e lings of Hie Board of Agriculture in India, held at Pu.sa on 7th DtMjernber, 1925, and following 
days (with appendices). Price, Ro. 1-14 or 3^. 3d, 
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Vol. 
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VIl. 

Vol. 
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No. ) 

/HI. 

Vol. 

XVI, 
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I. 

Vol. 

XVI 

, No. 

IT. 

Vol. 

XVI, 

No. 

III. 


Botanical Series 

Sludioa in (Uijarat Cottons, Part IJT. The Wacad Cotton of Upper Gujarat, 
Kathiawad and Kutch, by Magaklal L. Patj-L, M.Ag., and 1). P. ]\IA^'KAD. 
Price, He. 1-4 or 2^. 3(f. 

Sugarcane lirceding — Indications of Inheritance, by Rao Sahib T. S. Vek- 
KATRAMAN, li.A. Price, As. 8 or lOd. 

Studios in Gujarat Cottons, Part IV ; Hybrids lietuecii Broach-deshi and Go- 
ghari varicticH of Jicrbnrcvon, by IM. L. Patkl, M.Ag., and S. J. 

Patel, n.Ag. ITicc, As. 14 or 1.9. be/. 

Tho Indigenous Cotton Types of Buima by T. I). Stock, b.sc., d.i.c., a.r.c.s. 
Price, As. 0 or lOd. 

A Study of Fusaria conmion to cotton i)Jant8 and cotton soils in the Central 
Provinces, hy JnvAK SiEOii, m.sc. Price, As. 5 or Od. 

Tho Kolaitiba Kieo of the Koith Konkan and its Jnipio\einent hy Selection, 
hy P. K. Bjiiue and S. G. Biialebao, B.Ag. Price, Be. 1-4 or 26*. 

Peuvi.'feiurn fy2*holJev^ii i Studies on the Bajii ( lo]), 1. ^Jhc IMoijdiology of 
rauFisetum ItfpJioklcvm^ hy S. V. GoniK>i,i’, M.sc., n.Ag. IMcc, As. 12 or 
Ls. :if/. 

Studios in Khandesh Cotton, Part J, hy S. H. Pbayag, M.Ag. Price, Be. 1-4 
or 2^’. lf(J. 

Thf5 Indian Types of J-othyivti salirv^s J^. (Khrsaii, lakh, lang, Teoia), by 
(ilABjnn.LF. L. C. BmvAKi), jsi.a., and K. S. Anni’K pAiiMA>r Kitan. Price, 
Be. 1-8 or 2«. 6<i. 

I'Tuit-Bot Disease of Cultivated Cueuilitacea' cmi&ed by r/rythivvi o^/^oi./c/cr- 
mat urn. (Kds.) Fit/., hy IM. Mitra, m.sc., kl.s., and I.. S. Scbhamaniam, 
r.i..s. Prie(‘, As. 0 or 

Colour fnheritauee in Bie(‘, by S. K. IMitiia, m.s., iIi.d., and S. K. Gctta and 
P. M. Ga^om.i. Prie(‘, As. 0 or 8f/. 

Aakrina sp]), from India <l(‘(onnined by Du. IvLTH BvAN and Mdiola spp. from 
India and one from Malay determined by Prof. F. L. Stevens. Price, As. 4 
or br/. 

Studi(‘s on Bice in Sind, Part 1, by K. 1. Tjiadam, m.sc., and If. V. DrROA 
Dutta, b.sc. Price, Be. 1 or l5. 9d. 

A'ariability in < ertaiii eennomi<- cbaiac tei.s jiarl i( nlaily in seed vcight end 
\\ eight of lint per seed in pure stiains of ]>r(^neh Dcshi Cotton, by ]\Taoani.al 

L. Fatkt., M.Ag., and HAKoi.n H. IRIann, d.sc. Price. As. 14 or by. (5d. 

Studies in the Sl)e<Jding of Mango Flowejs and IT nits, Part 1, by P. V. Wagle, 

M. Ag. Pri< e, A>:. II of 1 *’r/. 

Studi(‘s in the Jouars of Gujarat., I : Jovai\<i of tho Surat District, by 

1\1. D. Fati i„ M.Ag., and (b B. Patee, B.Ag. (In the p reus,) 

Studies in Indian Chillies, I : Tho Types of CapNicum, hy F. J. F. Shaw, 

n.sc., A.B.r.s., F.LS., and Khan Sahib Abdur Barman Khan. (7a the pr€.<is ) 

Foot-rot and wilt of Anterrhinums caused by Phytophihera pini var. antirrhini 
n.v., by S. Sunuararaman, m.a., and T. S. Bamakrlshnan, m.a. (In the 
press.) 


Chemical Series 


Vol. 

IX, 

No. 

I. 

Vol. 

IX, 

No. 

II. 

Vol. 

IX, 

No. 

III. 

Vol. 

IX, 

No. 

IV. 

Vol. 

IX, 

No. 

V. 


The Selec tion of Burma Beans (Phaseolvs hinatvs) for Low Prussic Acid Content, 
hy li. Charlton, m.sc., f.i.c. Price, As. 10 or l^f. 

Bangalore ^laintenanee Experiments, First Scries, by F. J. Warth, m.sc. 
Price, As. 11 or 1.9. 2c/. 

Sumo Digestibility Trials on Indian Feeding Stuffs, H, by P. E. Lander, m.a., 
D.sc., A.I.C., and Pandit Lal Chand Diiarmani, L.Ag., b.sc. (Ag.). Price, 
As. 10 or 1 j9. 

Tho Effect of Manuring a Crop on the Vegetative and Beproductivo Capacity 
of tho Seed, by B. Viswanath, f.t.c., and M. Surianarayana, b.sc. Price, 
As. 14 or L9. (id. ^ 

Experiments on the Feeding of Sorghum silage and concentrate to Scindi calves,, 
by F. J. Warth, m.sc., and Shari Kant Misra. Price, As. 9 or lOd. 
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Vol. 

IX, No. 

VI. 

Vol. 

IX, No. 

VII. 

Vol. 

IX, No. VIII. 

Vol. 
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I. 

Vol. 

IX, No. 

IV. 

Vol. 

IX, No. 

V. 

Vol. 

IX, No. 

VI. 

Vol. 

IX, Nos. 

Vll 

-IX. 

Vol. 

X, Nos. 

L\' 

11. 

Vol. 

X, No. 

111. 

Vol. 

X, No. 

IV. 

Vol. 

X, No. 

V. 


Vol. 

X, No. 

VT. 

Vol. 

X, No. 

VH. 

Vol. 

II, No. 

11. 

Vol. 

n, No. 

III. 

Vol. 

Ill, No. 

VII. 

Vol. 

HI, Kofl. VIII 
&IX. 

Vol. 

IV, No. 

I. 

Vol. 

IV. No. 

II. 


Losses and gains of Nitrogen in an Indian i<oU studied in relation to the seasonal 
composition of well waters, and the bearings of the results on the alleged 
deterioration of soil fertility, by HAaoLi) E. Annett, o.se., F.t.c., m.cj.. 

K. A.C., A. Paomanaiuia Aiyak, H.A., and Kam NAUAYA^^ Kayastu, lu.S'e., 
B.Ag. l*rice Rs. 2 or 3v. 6'/. 

Some Digestibility Trials on Indian Reeding iStulis, 111 : Some Punjab Hays, 
by P. R. Landeu, m.a , u.sc., a.i.c., and Pamjit Lal CJiA^’l) DiiAUMAMf, 

L. Ag., B.SC. (Ag.). Priro As. .1 or bd. 

The (letormiiiation (jf the Rlcetrieai Condiietivity of the a<[ueoiis R.\traeL of 
Soil as a rapid ineuiis of deteeling its probable* l-’erlility, by AsiiUTOSli Si:x. 
Prie(‘, As. 4 or (if/. 

Feeding Experiments at Kanial, by R. J. VVarth, m.sc. and R. J. Gossip. 
(In the press.) 


Entomological Series 

The Red Pumpkin Beetle, AnJacojJiont (iJubjiuuuilis^ (Coleoptera: 

Chrysomelifln ) and its Control ; with n short Note on A. alripcnnis, Rl)., by 
M. Afzal lIusAiN, M.se., M.A., aiid S. Audillajl Sjiaii, n.Ag. Price. 
Re. 1 or J.s. (k/. 

Experiments tni tlie Transmission of Rinderpest by means of Insects, by S. 
K. Sen, n.se., f. k.s. I’riee, I\s. 2-4 or I,s-. 2f/. 

Studies on Indian Tbysanoptcra, by Dn. Jl. H. Kaiixy. Price, l\e. 1-S or 2.y. 
(id. 

New Species of lndi:in (lull JMidg(\s (I Itfnidldoi)^ by I)n. J*]. I.\ Relt ; New' 
Jnflian ( leometrnue, by Lewis IL J*k»)i:'i’, f. e.s. ; I)es<*)'iption of Lo.y'j^'yn.sia 
.sfiryirola, n. sp. (I.ej>iduptera), by R. Memuok, i .ies.. with a shoit Note on. 
the Life-history and Status, by C. S. Miska, h.a. Price, As. .1 or (if/. 

Four New' Indian tJal! Midges, by Dn. R. 1’. Rel'I’ ; 'I'lie Cilitis Psylla (Diuyho- 
rina rilrit Kinv.), by M. AkzaIj Husain, m.sc., 3 f. v. Priet*, He. 1-2 (»r 2.v. 

Braconidie Vipifmina* of South India, by T. V. Ha.makkisiina Avyaii, u. 
F.F.S., F.z.s. Piice, As. 14 or l.v. Z(L 

Some New Indian Mirul.e {('apiidw), by R. Bm.exkd, jj.a., f.e.s. Price, 
As. () or Sd. 

The use of llyflro' yanie Aeid (kis ff)r Hie Rumigation of American Cotton on 
imjiort into India. Rx])eriments on its lethal power for the Mexican J>oll- 
weevil (A nihouonms (jrdtulis) and for the (Jrain-weevil (Sifopfnlus oryza^) ; 
on the extent to which it is absorbed by Cotton and rliile lespeelivady : and 
on a practical method for satisfactory fumigation on a large scale, by A. 
James Tiknek, .m.a., n.se., and l>. L. Sen, m.s<-. 'r(‘eli., m.sc., with a 

foreword by B. (\ Bunr, m.u.e., n.se. Ihice, Bs. 2 or Jof. hd. 

Studies on IHalytdm (josAypieUn, Saunders (J*ink bollworm) in the Punjab, by 
SoHAN SiNOH Binoua, M.SC, Prico, Re. 1-4 or 2s. 3d. 

A Contribution to our kiiowlodgo of the 4’hy.sunopteia of India, by T. V', 
Ramakkishna Ayyak, eii.i>., F.E.Si, f.z.s. (///. the pres'i.) 

Bacteriological Series 

A Bacterial! Soft R(jt of Garden Poppy, by C. S. Ram Ayyar, h.a. Prico. 
As. /> or fid. 

Nitrification of Calcium Cyanamide in some Indian soibj, by J. H, Walton, 
M.A., M.sc. (In the press.) 


Veterinary Series 

Experiments on the treatment of Hookworm infection in Dogs, by AMAiiyA'rii 
Gijlati, m.sc. (Punjab). Price, As. 11 or D. 3d. 

On the occurrence of a Lung Fluke Pararjonimus edwardsi^ n. sp. in a Palm 
Civet (Paradoxuriis fjriiyi) in Kumaon Hills, by Amaknath Gula'it, m.sc. 
(Punjab) : On the occurrence of Isospora and Baluvlidinm in Cattle, by H. 
CooViiR, M.K.C.V.S., and Amaknath Oulati, m.sc. (Punjab). Price, As. 4 or ^d. 
The Chemotherapy of Surra (Tryjjanosovna evansi Infections) of Horses and 
Cattle in India, by J. T. EmvAuns, d.sc., m.k.c.v.s. Price, Rs. 4-2 or 7s, 
Studies in Bovine Lymphangitis, by V. IvKiSHNAMrini Ayyau. Price, Re. 1-3 
or 2*. 
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Bulletins issued by the Agricultural Besearch InstitutOt Pnsa 

No. 104. Standard Methods of Aualysis of Fertilizoi^s, by J. Sen, m.a., ph.d. Pnce, As. 4 or 6d. 
No. 105. List of Publications on Indian Entomology# IW25 (oompfled by the Imperial Entomologist, 
and tho Olfg. imperial Entomologist, ihisi^). Prioe, As. 12 or 1^. 3d. 

No. 1(H). Sampling for 'Rico Yield in Bihar and Orissa, hy J. A. IIubback, i.c.s. Price, As. 7 or 9d. 
No. 107. A Scheme of Olas.'jiOcation of the Varieties of Kicc Found in Burma, by*R. A. Beale, 
Price, As. 6 or 8d. 

No. 1()8. List of X^ublications on Indian Entomology, 192() (compiled by the 0£fg. Imperial Ento- 
mologist and tho Imperial Entomologist). Frit e, As. 10 or 1^* ^ 

No. 100. Th(3 JStcm- blooding Disease of Arecaiiut { Areca caLc.chu) causod by Thiel^aviopais paradoxa 
Von Hon., by S. Sundarauajvi VN, m.a., 0. KiirsiiNAv Nayab and T. S. Ramaksishnan, 
M.A. Price As. 9 or 1«. 

No. 170. Seasonal Variations in the Germ Content of .Milk at Piisa, by J. H. Walton, M.A.. M,sc. 
Prieo, As. G or 8d. 

No. 171. The [inprcYomont of Indian Wheat. A Brief Summary of the Investigations carried out 
at Pusa from 1905 to 1924, including an account of the new Pusa Hybrids, by Albert 
Howard, o.i.e., m.a., and Gabrieixk L. C. Howard, m.a. Price, As. 8 or lOd. 

No. 172. Tlio AMcclianical Analysis of Tropical Soils, by J. Charlton, m.sc., f.i.c. Price, As. 3 or 4d. 
No. 173. Occurronoe of Trichomonad Flagellat(‘>s in the blood stream of Fowls, by Hugh Cooper, 
M.R.C.V.S., and Amar Nath Gulati, m.sc. Price, As. 3 or 4d. 

No. 174. Unit System for Farm Buildings, by G. S. Henderson, n.d.a., n.d.d. Price, As. 6 or 6d, 
No. 175. A Comi)arative Study of tho methods of preparation of tho Soil for the Mechanical Ana- 
lysis, with a Note on the Pipette Method by A.mar N.ath Purt, ph.d., and B. M. Amen, 

B. A. Price, As. 4 or 6d. 

No. 176. A .M(ith«)d of increasing the Mamirial V'aliie of Muhua Cake, by N. D. Vyas, L.Ag. Price, 
As. 4 or Qd. 

No. 177. Iloot-rot and Sclorotial Diseases of Wheat, by L. S. Si'iui \maniitm, f.l.s. (/n the press,) 
No. 178, A Study of the Locular Composition in Cambodia Cotton, by V, Ramanathan, L.Ag. 

No. 179. A Ix^af Spot and Blight Disease of Onions, caused by Aliemaria palandui Nov, sp., by 

C. Rangaswami Ayyanqar. {In Uw. }h\‘ssA 

No. 180. Stem-rot of Berscoin, caused by Rhizo''tonia Solani Kiihn, by Md. Tasum. {In (he press,) 
No. 181. Life History, Bionomics and Control of Myllocertts maculosus, Desb. (Ouroulionidae : 

Colcoptera), by Kidar Nath Trihan, m.sc. {In the press,) 

No. 182. Investigations in the Bacteriology of Silage (1926-27), by .1. H. Walton, M.A,, M.8c. {In 
the press.) *' 

No, 183. A Milk Fermenting Yeast, by C. S. Rim Ayyar, b.a. {In the press,) 

No. 184. List of Publications on Indian Entomology 1927, (Compiled by the Imperial Entomologist). 
{In the press.) 

No. 186. The cultivation of Lao in the plains of India, Laccifera lacca, Kerr., by 0. S. MiSRA, 
B.A. (Revised Edition). {In the press.) 

No, 186. A preliminary note on the rice crop in the United Provinces, by R. L, Sethi. {In the press *) 


Books 

Wheat in India, by Albert Howard, m.a., a.r.c.s., f.l.s., and Gabrielle L. C. Howard, m.a. Price, 
Rs. 5 or Is. {\d. 

A Dosoription of th ' Imperial Bacteriological Labocatory, Miiktosar ; Its Work and Products, by 
Major J. D. E. Holmes, m.a,, d.sc., Price, As. 8 or 9d. Hindi and Urdu 

Editions, Rs. 2-4 each. 

Agriculture in India, by .J ames Maokenna, m.a., i.c.s. Price, As. 4 or 5d. 

Some Diseases of Cattle in India. A Handbook for Stock-owners. (Revised in 1927). Price, Re, 1*4 
or 28. 

Report on tho Diseases of Silkworms in India, by A. Pringle Jameson, d.sc. Price, Rs. 3. 

The Importance of Bacterial Action in Indigo Manufacture, by C. M. Hutchinson, b.a. Prioe, As. 2. 


Notice 

All now publications ato included in tho above list and are regularly posted to all on the mailing 
list as soott'as issuotl. Unless complaints of non-rooeipt of any publication are received by tho Mana- 
ger, Government of India Central Publication Branoii, Imperial Secretariat Building, 3, Government 
Place, West, Calcutta, wit'ua six months of the .date of lisue, duplicate copies can be supplied only on 
: payment of cost and postage. 
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PREFACE 


During the past twenty years that the Chemical section of the Agricultural 
Research Institute, Punjab, has been functioning, a considerable number of investi- 
gations and analyses have been carried out on the Punjab soils. While these, 
with the exception of analyses undertaken during the past two years, have not 
fallen into any systematic scheme of investigation on the Punjab soils as a whole, 
and no comprehensive survey of these soils has been undertaken, it is proposed to 
present in the following paper the collected data which have accumulated from the 
investigations so far carried out, in the hope that they may give a skeleton outline 
of the more important soil features of the various districts of the Punjab and 
indicate some of their distinguishing characteristics. 
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SOILS OF THE PUNJAB. 
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L Main Features of the Province* 

Before attempting to describe the soils of tlie Province or give details ol their 
che riical and physical composition, it is desirable to describe the main general 
features of the Province as these exercise no small influence in intcjr pro ting the 
figures of analysis and consequently the treatment which a soil may require. 

{ a ) Physical and Geological Factors. 

The Province falls into five main physical divisions i-- {n) The Himalayan R**- 
gion, (6) The Himalayan Sub-montane, (c) The Arid Plateaux of the Salt Range, 
(d) The Arid South-Western plains and (e) The western portions of the Indo- 
Gangetic plain. 

Of these the first three are small in area and the first and third are not of great 
importance from an agricultural point of view ; the Sub-montane, howtivc'r, is 
the most fertile and wealthiest in the Punjab. The remaining two divisions 
are of vast extent and fertile towards the South, where they encroach on the 
plains of Sind and Rajputana, and depend almost entirely on canal irrigation for 
their prosperity. 

Geologically, the Punjab falls into three natural divisions : — The plains, the Salt 
Range and the Himalayas. The plains, which consist almost entirely of the Indo- 
Gangetic alluvium, form the chief subject of study in this paper. In the north of 

( 25 ) 
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the Province the Salt Range stretches from the Jhclum valley on the cast to th^ 
Indus on the west, and crops up again beyond that river. The Himalayas form the 
eastern boundary of the Province, extending from the south-east to the extreme 
north. 

(b) Meteorological Factors. 

Tiie Punjab being an inland Province, the climate over the greater part of it 
is of a most pronounced continental character, extrciine summer heat alternating 
with great winter cold, but its diversified surface, including montane, sub-mon- 
tane, and plain zones, very largely modifies the temperature, weather and climate 
in different parts of the Province. The Punjab may accordingly be divided into 
four natural divisions, in each of whi(;h the general meteorological conditions are 
believed to be fairly homogeneous (Diagram 1). 

These are : — 

1. The Himalayan (c.//., Simla and Murree). 

2. The Sub-ilimalayan (c./y., Ambala, Ludhiana, Gurdaspur, iSialkot and 

Rawalpindi). 

3. The Indo-Gangetic plain west, (stations extending as far as Lahore). 

4. The North-West dry area (stations Mianwali, Sindh Sagar, Muzafargarh, 

Dera Ghazi Khan and Multan, etc.). 

Taken as a whole, tln^ Punjab lias in normal years two well defined rainy seasons. 
The first, or period of the north-ea.st monsoon, exttuids from the end of JhH*-ember 
to the end of February or even upto the middh' of March. During this period the 
Punjab experiences what are generally known as winter rains. The second period 
of rainfall, the result of the north-west monsoon, lasts from the end of June 
to the middle of Heptember. The rainfall is naturally heaviest in the Himalayan 
and sub-montane regions, the highest average received being 126" at Dharamsala, 
while the average for the region is nowhere less than 36". in the plains the rain- 
fall decreases rapidly as we pass from the hills. The sub-montane zone, which 
skirts the foot of the hills, and of which Rawalpindi, Giadaspur and Sialkot may 
be taken as typical stations, has an avt^age annual rainfall of 30" to 40." The 
Eastern plains from Delhi to Lahort', belong to the West Indo-Gangetic plain, 
and have a mean rainfall of about 24". To the west and south-west lies the dry 
area characterised by an extremely light and variable rainfall, and heat and dryness 
in the hot season, extreme even for the Punjab. The ordinary south-west monsoon 
winds from the Sindh and Kathiwar coasts encircle, but do not actually blow into 
this area, which therefore gets very little rain from this soince, though it occasionally 
receives heavy cyclonic downpours from storms which have travelled westwards 
from the lyead of the Bay. Montgomery and M ultan are typical stations of this tract. 

The amount of rainfall for different regions of the Punjab is represented, in Maps 
A and B. The plains, owing to their arid nature and remoteness from the sea, are 





IMAP A SHOWING AVERAGE RAINFALL IN INCHES IN THC 
PUNJAB IN THE MONTHS JUNE TO SEPTEMBER. 
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Mubjcct to extreme variations of climate. In winter the degree of cold is as intense 
as may be found anywhere in the plains of liulia. In the latter part of December 
and January and sometimes in February the night tem[)OTatur(i commonly falls 
b('low freezing point, whil(‘ by day the theniiouu‘ter do(‘s not as a rule rise above 
To"", and lor four months of the year ihv. Punjab climate with its bright sun and 
Ive.en invigorating air cannot be surpassed. In summer, on tin* other hand, the 
lierce. dry Juuit is ex(*cedcd only in Sindh. In Juju^ tln^ therinoinett‘r commoidy 
reacht‘S 121'’, while the night temperature averages from 

(c) AuTfFiciAL Irrkjation. 

The Tunjab posst?ss(‘s the greatest irrigation system in tlie world. Iji the year 
ll>2(i-27, out of a, total cro])pe<i area of J acres, I 1 1 , ir)(; acres were 

irrigated and of this area, 72 pin* cc'nt. ( 10,i)hS,7'lb aiu'cs) was S(‘rv<*d by canals, 
108,580 acres by tanks and other sources of water supply, ajul 0,181,100 a,cr<‘s 
troin wt‘Hs (chiefly in the districts of Jullundur, Sialkot, llosliiarpur, Gurgaon and 
liudhiana). The canals of tin' Ihinjal) art*, not lined, and owing to tln^ velocity of tln^ 
AvattT (5arry fairly coarst? silt. They are. designed at a slope which caus(*.s slight 
silting in the Kliarif whan the rivers are in flood, and they scoin to some extent in 
winter. 

((/) UNDERCmOUND WaTER. 

Particulars cegar<iing tin* level of the sul) soil water are givi'ii in the luxly of f,h<^ 
|)a.per with the descri[)tio]i of tin' particular soils. Lati'ly, on account of tlie cnji- 
struction of the big canal systems and ('onst'cjin'iit seepage., partly due loan inter rup- 
tion iji the natural drainage at c<‘i*taiii places, waf.<‘r lias acciiniulated in the upper 
soil layers to such an extent as to cause, wat<'r-loggijig. ( VuisiMpuMitiy, such soils 
an* going out ot c.ultivathuL AjiotlnT clhM t ol canal irrigation has l)e<‘ji f-he rise 
oJ the subsoil water tai le at many places, por instance, iji Lyalljiur the. watia* table 
is rising at the rate of one loot (*\cry four y<*ars. In the J.ower C'lnuiah, iigures 
Jor a niiinix'r oj )'e,ars slow that the rise of the water level at certain places is 11 fei't 
per anniiin.^ In some j)aTts the watiu- tal)h‘ has a.lread}^ reaelu'd tin* siii laee and 
caused water- logging. The p(‘re<‘utage of water-logged area, on the Piinjah canals 
is so far small -not more than 1 or 2 j)er e(*nt.; hut the serious aspect of tJi<‘ (piestiou 
lies in the fa(*t tliat tlie rise of tln^ water table is general throughout the Doabs, and 
there is no (‘videnee so far of aaiy slaekeiiing or reduetion in this rale. There is no 
question wJiatever tliat wdien tin* wafer table gets witiiin lU feet of tin* surface in 
any tract, the future prosperity and productivity of that ]>art is in a critical 
position. From this depth the rise of the water by surface* tension anej its 
evaporation from the? surface beconie.s eonsieh'rabh*. Uiis goe's on constantly, 
and ‘ Ivallar ’ or Salts thus tend to accumulate? in the u])|)e‘r soil hiyeirs. 


* Roberts, W; & Faulkner, 0. T. A Text-Jiook of Funjab Agriculture, Civil and MUilary (JazeUe 
VresSf Lahore, 1U21. 
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Oil tho otluT Jiaiid, in some (listric-ts such as Julhiudiir, the water level, owing 
to lieavy (leinands on tiui w(‘lls, has been gradually tailing during recent years. 

(c) Aorjcu'ltukac Fkature*^ and (jtexrral Son. Conditions. 

Kxcluding the lliiua.layas and other hill tracts ajid th<* Ravines oi Rawalpindi, 
Atlock, and .lln'luin districts, the vast alluvial plain of tin* Ihinjab is broken only 
by the, \vid(i valh'vs ol its rivers. Its soil. I’or tin* most |>art. is a sandy loam, inter- 
sp(‘rsed with patclu's ol clay (sa,ni|)les IPP and 'Pable J) and tracts ol pure sajid 
(saiiij)l<'s I 15 a.nd Tabh* J). 'the soils of tin* Hinialavas and lower ranges re- 
s(‘nd)l(‘ thos<* ol the plaijis, but both sand ajid clay ar(‘ rar(*r aiid the stony area is 
ctiiisiderable. 

The. Ihinjab has two harvests ; 'Die tdln (Ihn I) or sjvring, sown mostly in Octo- 
l)(ir-Nov(Mid)(‘r and reaj>ed in April-Mav ; and tlie khailj or autumn 

harvest sown in June -August, and rca.[)ed from (‘arly September to the end ol 
l)<‘cember. Ilotli sugarcain* and cotton though sown t*arli(‘r arc autumn croj)s. 
W ith the d('V(‘lopment ol irrigation the te)idejicy lias been lor ijitensive cultivalhm 
in the nthi to replace tln‘ extensive* ciiltivat-ioji ol tin* khat'ij. 

The |)iincipal spring or rafu crops are wlnait. gram and barl(‘y. Wheat occu])ii‘s 
it mueh larger ai*ea in the Punjab than any other <Top. /v:. 5D to ^>5 jXT cent, ol 

t. lie tol.al cropj-ed a.ia'a. Tin* actual ar<‘a lor the y(‘ar lbL!()-L!7 was 

acres. Alt(‘r wlicat.. gram is most extensiv<‘ly growji. cov<*ring about 'I.J million 
aert's. ol u hich only 1 per c<nit.. is irrigated. The larg«‘st. ar(‘as an* Joimd in 
F(‘ro/epiir. Ilissar and Rolitak. Should winter laijis la* lavourabhx wlu'at. or 

ba. rl(*y gives a good yield ; wiu'reas gram subsists b(‘st when tin* raijilall is less. 
Hu* ar(*a under barle\ in the Ihinjab is rallu'r ov<*i‘ a million acia'S. about l-lOth 
ol t'lie ar(*a under wheat-, and the eroj) is ehi<*fly grown in tin* districts of ilissar. 
Peroz(‘])ur and (iurgaon. mostly oji light uuirrigated laud. 

Ol the aut-umn or .(//u/// crops, rice, cotton and sugaieane are the nuKst imjant-- 
ant. Pie<' is grown ehielly in the Kangra. Onrdaspiir. Ainritsar and (iujranwala 
di.striets. Tin* plant gr(»\\s best in a vt*ry hea.vy soil wlu're plejity ol water is 
available; stagnant watei is. liowever. uubn’ourable lor its suee<'ss. 

The arc'a. under cotton has be»*n liable to considcrabh* variatii»ns in the last b'W 
vears owing to t In* great Ibu-tuathms in price. In pcJl-'J5. a .r(*cord area (h 2.‘>2(),.‘t‘>5 
aenvs was under eultisal ion. Pxrbniing the montane and siil)-montain‘ av(*as. 
cotton is grown whcrcvci- irrigatnui is possible and tin* land not. <*xc(‘ssivelv saud\’, 
cotton being almost e.xclnsively an irrigati'd crop, iji the Pimjab. 

The Ihiujab. amongst all the Indian IVovinei's. has tin* second hugest* ai:t*a 
under sugareane. usually varying Ix'l weim .‘U and 11 lakhs ol aert's.* The best areas 
lor the growth ol the croj> are in the south-east ol tin* Province, in the districts 
ol Rohtak and Kariial, the ue.xt Ix'.st lieing the easttun districts such as (lurdaspur 
and Sialkot. Idie rainlall iji the Pmijab is nowliere sullichmt lor the gnjwth ol 


* Lakh=lU0,000. 
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sirii^arrnno, and tlin.s tliis crop caji only be i^rown either iindta* iiri^uation or where, 
as near tlie beds of iiv(‘rs. t-ln‘ underuroiiiul water is sullicient. (am- (an he iJro^\ n 
prolitably on land wliic'li is moderately In'avy, but it is in(‘N‘ss lo U\ 1(» mi.w it 
on very liglit soils. 

Such, in brief, is the description of th(‘ chief physical leatiir(‘s of the 
Province and W(‘ may now consider the inain tJn-nn* of nnr pajier. ri:.. tin* chemical 
and agricultural (‘liaractcaistics of dilTercnt typ(‘s of soil nn t willi in dilleriait 
regions of th<^ lh*ovince. Tln‘s<‘ liavt* be^ui arranged according to tin* four general 
met(‘oroh)gical divisiojis given abov(‘. 

2. The Himalayan Tract. 

The Himalayan tract includ(‘s mor<“l hall Jia If tln“stat(‘ of .lammu and Kashmir 
in the (‘xtiamie ii(')rth-w<‘st whih* tln‘ district of Kangra and tin Simla hill sta1(‘s 
form tln‘ south-east part of the Punjab Himalayas; «‘ast of this bestin' Kuniaiin 
division of tlio riutial Provinces, followi'd by Nepal. Sikkim. IJhulan, (ic. In 
tln‘ runjab wo art' conceriu'd oidy with the Kangra and tin* Simla hills. 

The Agricultural parts of tlu' II imalayas wil h few i‘X( (‘jd ions an* ol s('cojidar\' 
im])ortance, to Iln‘ jdains tin' chief food grains cultivated in t in* outer rang(‘s Ix'ing 
ric<*, wlu'ut. l.arh'V and maiz<‘. In tin* hot- moist, valh'vs. chilli('s. turmeric and 
ginger ar(‘ grown. At liiglier h‘vels potatoi's hav<‘ beconn' an impoitant. ( lop, and 
in Kulu and Ivumaun, fruits, such as a]»]des. pi'ars. cheirii-s. plums and straw- 
berries liav<‘ liec'ii succ<*ssfully naturalisc<L ^bwo cro]is arc ol)tainc(| in the lower 
liills, but cultivation is atti'iided by enormous dilhcultics. oAN'ing to tin* necessit\' 
of t(Tracing and ( h'aring land of -stones, wliih* irrigation is ojil) p]-a( ticable b\- 
the aid of long chamn'Is winding along tin* hill sid(*s from tin* in'ar<‘,st suitable 
stream or spring. As tin* snow \ rang<*s are apj)roacln*d. wlieat and buck w ln*at . 
grown duringtln* summer moni hs an* the prijieij)al cro) s and cjily one liar\(‘st in 
tin* \'(*ar can be oblaim*d. Tea gardt'iis wei-e successfully (‘stablished in Kinnaun 
during tin* lirst hall ol tin* Ibth c(*ntur\ . but. tin* most imporlant. ol these an* 
situat(*d in Kangra. 

/. Kdtl ()!'((. 

Witli tlie exce])tion of t-hc examination of some samph*s from tin* distiict ol 
Kangra, very lit.th* work lias ]a*e]i done in connection with the immtain* tract, (d the 
Jh'oviiua*. .\s mentioned abovi*. tin* Kangra district is emijiciitly suited bu gr(»w- 
iiig t(*;i and fruits. Kie(‘ is also grown at. imniy jjiaces in tin* disiriet alllioiigh it, 
is not of suy}erior quabtv. and the soils (‘xamiin*d froii: this dis1j*ie1 lia\'(‘ b<‘en 
(:(>nr] 7 ied to tea gard(*ns oidy. .Mo.st of tin* t.ea gaF-d(*ns an* siliiat.ed m tin* \’;dley 
at a lu'ight varviiig Irojn 2.000 to l.oOtb or <*v(*n o.OOO feet iji some ease,^. Koi jil 
least six months in tin* y(*ar tin* climate is warm and moist and tin* rainlall is in.)t 
loss tlian 100 inches per annum, fmt even at- the.se (‘levatioTis t-ln* cold Is never so 
severe as to injure tln^ growth of the tea j>Iaut. Hot winds an* nnkjn.'wn in the 
Kangra valley. 
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Tho analyses of some representative soils of the tea estates in this valley are 
given in Table I Nos. 1-7. It will be seen from an examination of these soil types 
that tea is being grown on a variety of soils. For example No. 1 is a light sandy 
loam ; Nos. 2, 6, and 7, medium to heavy loam ; while 3, 4 and 5 may be designated 
stiff (ilay soils. From a study of their chemical composition, however, it will 
be seen that with the exception of Nos. 1 and 4, the others are comparatively rich 
in nitrogen. The soils also appear to be rather deficient in lime, but are sufficiently 
alkaline to allow the cornier vation of a large proportion of combined nitrogen. Soils 
No. 2, f), G and 7 arc exceptionally rich in nitrogen and potash for tea soils. On 
the otluT hand, with the exception of soils Nos. 2 and 4, they are all below par in 
phosphoric? acid and in this respect compare only with second gi*ade Assam soils. 
Phospliorio acid is a manurial constituent of great im[)oitance in tea soils, sinc’c 
it not only serves to stimulate ripening hut it also induces early development 
of the young plant and secures a sound establishmejit of the root system. A light 
dressing of (Tuslu'd hojie meal every now ainl then is likely to improve th<*s<? soils 
c.ojisiderably. 'rh<‘ (jU(‘stion of tin? magm sia (*onteut will he discussed s(‘j>arat<‘ly 
later. 


3. The Subi*Montane Tract. 

Tin? Sub-montane tract includes the districts of Ambala, Hoshiarpur, Ourdaspur, 
Sialkot, llawalpindi and Attock. From the southern foot hills of tin? sub-Himalayas 
tlurc? (extends a width of high level territory flanked by an outer ridge, of recent 
formation known as Siwaliks- -a line of broken and disintegrating hills which mark 
the lirst step uj)waTds from the |)Ia.ins. The sul)-montane tracts of the Punjab 
a.r<‘ tuielosed between the Siwaliks and tlu' Himalaya., and the u])land valleys skirt- 
jjig tli(‘se mountains inelnde some, of tin? most Fertile and b(‘autilul of tlie Indian 
low-land formatioji in the north-west. 

The distriets of llawalpiiidi and Attock, situate.d on an undulating plateaux, 
c.omprise wide rolling plains broken by wild, irregular, and in the districts of Attock, 
mostly barren ravin<‘s and hills of very varying magjiitude. There is no regular 
irrigation, and agrieulture in these distriets d(‘ponds almost entirely on rain water 
which, exce|)t in some ]Mirts of Attock, is plentiful. The chief crops grown an? 
wheat and barley, with jowar (sotyhum vvlyare), hajni (Pemiiselmn ttfphoideNw), 
gram, and pulses in addition in the Uawa.l]>indi district, and millet and maize in 
tlu* Attock district. 

The remaining distriets jvresent many points of similarity in their physical and 
agricultural (‘oudition. As alroaily stated, they (‘.onstitute one of the most fertih* 
and richest tracts of the Punjab. The chief sources of irrigation are wells, natural 
strc.uns and canals. Th<?se, coupled with an abundant rainfall, secure for the crops 
a ph'utiful su].)ply of wat(T. Tlie chief cro]>s are wheat, barley, maize and sugar- 
c:u\e. Cotton is grown in tho Hosliiarpur districts to some extent ; but there is 
neither any cotton imr sugarcane worth mentioning in the Ambala district. 
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/. Ambala, 

The main portion of this district is a ])lain which descends from tln^ Siwalik 
hills towards the south-west. This plain is fertile, and rnniuly com])osed of allu- 
vial loam, intercepted at intervals of a foAV miles by pulleys throu^^h which the liill 
torrents descend. It is also interespersed with blocks of stiff clay soil, which in 
years of scanty rainfall are unproductive, thus rendering the tracts wlu're they occur 
liable to attacks of famine. 

Sample No. 8 in Table I re]w,sents a sandy loam tract of the harani area of the 
same districit. This soil is seldom manured and generally gives a, yi(‘ld of from 7 
to 8 maiinds of wheat ; 10 to 12 maunds of maize, or 2 to 1 maiinds of coitoj). 
The usual rotatioji ])ractisetl is wduMit-wdieat, or wdieat- maize, cotton. Sain|)h‘ 
No. 9 represents a soil oji which ojily ric»' is grown, and whose su])-soiI wat(‘r is 
generally a.l)Out I I ft. below* the surface. 

Soils No. 10 -d 1, are taken from the Military Dairy farm at Amhahi (^intonment 
which encloses an area, of about liva^ hundred acres. No. 10, a heavy loam, is a 
re.presentativa*. of ojie of tln^ best soils of the district and givtss a. very good t‘rop 
of wJieat averaging a))out 10 mauiuls pen acre. No. 11 is a. sam])l<' of sandy soil 
suitable, for growijig cotton and wduait ; No. 12 is a. soil from a pasture lan<l wdiieli 
grows linden bf(mni eiouditieins veuy goe)el creips e)f grasse's, Anjan anel Barn. Ne>. 
is a sample of sandy soil which yiedels gejod crops wduui manureMl, w’hile‘ No. I I is 
suitable.', for the cultivation of lianley and gram. 

2. Iloshiarpur. 

The distrie.-t is elividevl into four Tabsils, i.e., Jleisliiarpnr, (JarhshaukaT , 
Dasuya and Una. 

A peeailhiT ft‘ature‘ of the* distriet are* the* (bos or hill toTTe*nt.s, whicli rise* in the', 
hills below tin; waterslied, le*ave. thenn by a narrow outlet anel wiele*)! on the*ir wsy 
to the plains until they ineak up into a numbe*.r of l)ranche*s, thus spre*ading like*, 
a ne_>t work over the plains. At an earlic'r ])e*rie3d tlm silt waslied down from the* 
Siwaliks must havei fejiine'el an alluvial j) la in to their we*st and e-ause‘el its fe*rtility, 
but owing to the elefejrestation of those hills, the Clios have* for a couside*Ta,bh‘ time* 
beeni elestrejying it. Dry in tlu^ rainless mouths, they be ee)me*, raging torre‘]its 
after heavy rains, and, passing through the sandy belt which lie‘s be*le)w^ the* \ve*ste*rn 
slo])es of the hills, they e‘iite*r the plain, at first in fairly w(*ll de*line‘d cliauncls, but 
linally spread over its surfaee and Iniry the (-nltivatioTi nnde*r iiih'rtile* sand. 

The Siwalik hills, whie h form tlie*. back Imne* of tb<^ district, an* e-ompnsed for 
tlui most part of soft sand steine frenn which a belt of liglit saialy leami known 
as the Kiindi trae*.t, lying imme*,diately at their feiot, is foi-nn*d. ^Phis seiil 
refjuires freejuent, but not teiei heavy, show^e'rs, and the trae t is to a, large (*xtejit 
overspread with shifting .sand bhnvn from the torremt l)(.*ds. lying paralh*! to this 
is a narrow belt, in which the* loam is less mixe'd wdth saiul, and this is in turn 
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followfid })y tho (‘xct^ptionally fertile Sinval belt in which the water level is near 
and tluj loain little mixed with sand except where affected by tin* 
hill torr^aits, and is of a texture which ejiables it to draw and riitain the maximum 
of moisture*, (hirlishankar is a tract of clayey land, while iioi*th of Dasuya and 
beyond the. ra-n^(* of Siwaliks denudation, is an area probably form(*d by tlu* 
alluvium of th(^ river /fcux and oiui of the most butile in tin* <listrict. The soil of 
tlu^ IJiia valley is for the most part a good alluvial loam, spt'cially fertile on the 
banks of the Sutlej. 

Two sampl(‘s of soil hav<i b(i(*.n examined from the latter tract ; the first, No. 15 
in Tabh^ 1 was taken from the village Premgarh and ap])ears to be very suitable for 
wheat. The second No. Id was taken from the village Kamal pur and represents 
hind generally put under sugarcane, the yields being about 20 maiinds of wheat; 
iind 10—50 maunds of (jur per acre from the Katha varii^ty of cane, known as Chan 
in the district. 

[loth these soils are irrigated from wells in which the water level is 28 ft. deep. 
Th(^ land is fairly well drained and the most conmion rotation practised is wheat, 
maiz<‘, senji pdrvijloni)^ sugarcane (maize is manured in tin*, rotation). 


3. Gurdaspiir, 

Of the four Tehsils which comprise this district, the southern two, Batala and 
Ourda.sj)ur, an*, situated between the Bias and the Ravi rivers and jjresent the ordi- 
nary f(*atures common to the sub-montane tracts of the Province*. The tehsil of 
Pathankot tow^ards tin* north of (lurdaspur is tin* most varied ])ait of the district, 
containing as it does tin* low foot hills, outlying spurs of the foot hills, the vfxlley, 
and the plains. Tlu* Tehsil of Shakargarh includes land which is somewhat differ- 
(*nt from the r(*st of the district, m(»st of tin* land in this tehsil b(‘in.g very f(‘rtile, 
highly cultivat(*d, with a somewhat higher sub-soil water level. 

A mark(*d feature of the, Pari Doab is the existance of numerous C/i(Unh>i or 
Swamps, tlu* most noted of which is the Khanmin (Jliumb/i. We had o(;casion to 
(\xami]ie the soil from Ivt'shopui Oliambh near (iurdaspur, the analysis of which is 
given later. 

Nos. 17 — 21 and 18 —53 of Table I represent samples taken from the 
(lUrdaspur an<l Pathankot tehsils, whereas samples 22 -27 w'ck*, bakeji from a held 

on the (lov(*,rjiment Agricailtural Parm, which wa.s under manurial experiments for 
sugarcane, and 28 -33 are n^presentative samphis of soils which have j)rove(l to lx* 
more suitable for growing sugarcane in the Giirdaspur and Batala tehsils. 

Of the first live samples, No. 17 was taken from a typical rice field of the Pathan- 
kot t(*hsil ; No. 18 from a typical rice field of the, (Iurdaspur tehsil, No. 19 from the 
sugarcaiux growing tract ; No. 20 from a field which grows very good wheat and 
No. 21 represents a soil wliich appears to be suitable only for inferior crops such as 
mafih {PJiaseolus nuliatus) and ttioth (Phaseolus (iconitifolias)^ 
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Nos. .‘M *‘1G show analyses ol s<jiiie other soils from the district, while No. 47 
is from a plot under gr<“(u\ niauui’ijig (‘xperiinciits at the (lovormueiit Agricultural 
harm. Samples No. ivS ajid 1') are soil and siih-soil samples from liclds 
on the, farm. This soil, a rich loaju, has heeji yielding good crops without any manure, 
tli<! rotation followed heiiig inai/(‘, sugarcane. No. op and ol are sjjecimeLis 

of soil from Keshopur (.'haanhh, a. low lybig piece of laud about ‘J to »» thousand 
.u res in extent, whicli grows luxuriant erops of grass such as dahh,^ chhnhar,^ 
pulwiUih'^ 'p(innihp^ hihi}' iiarij khabbid,^ which, howeva*r, arc* avail- 

.il)l(' o)dy for a periixl of about iiioutiis from August to Octoi)er. TJie suTfac<^ soil 
of the Chaiubh is a sandy l(»ani, but on descimding to the second foot, one meets 
w ith a stitfer soil, which probably a.(‘counts lor the impervious jiatun* of the laud. 
Wry good ero]) of rice were reported to have luan raised from this traet some years 
;im). The, land, however, has d(‘tei’iorat(Ml in reccjii y<‘ars, partly owing to the. 
appearance of ’ Kallar, a, eojiditioji due in some m<‘asur<‘, ])(Tlia.ps to the, jiatiual 
• Ivainagc’i in the middle (»[ the trmd ha,viug eeased to functioji. 

Nos. 52 and an; samples of soils fr(>m tin* village of .laiuloal on tin; 
bailiauK'ot-Dalhousit' j'oad near ('liahhi. 'bhi.s soil, a, medium loajii, Jioriually 
;jrows maize, but is Jiot suitable for other ero]>s. 

I . Hmralinndi. 

This district Jiia-y In; divided into three; main portions base d on its jnoj<‘ promi- 
iM'iit featuivs : — 

1. Tin; moutauous pentiou. consisting of the* iMurn'e* 'IVhsil auel th<* Jiorthenn 

]M)rtioji of the; Kaimta. Tehsil. 

2. 'llu' liilly and snb-memta]ie; tract, ijiclmling the* spurs of tin* Margalla range*, 

the* an‘a. lying at the* fool, of t-lie*. iMurree, liills, and the stet*)) hills eui 
the; wcstcrji laiidv of tJic Jln*bmi an<l the; J\awalj*indi Te‘hsil. 

’b Tin; plains, or botliwar portioji, i7iedueling the* wlioh* e)l‘ ihe* (bijar Khan, 
(Ju*. south-ca.Nt pe)rtions of tin; Ixawalpiinli I’e'hsiL and tin; sont-li- 
west peu’tions of the* Ivahula Tehsils. 

Sample's Ne). 51 OP were talo'ii from ihe Military J)air\ Kami at. Kawalpindi 
;\lin*h may lx; eonsiele*r(*el re'prcscntatave ol tin* nie.ist lerlih* spots in tin* wlnile* elis 
diet. The; farm eniisists of an luidnlatory pie*ce; of land with li(‘lels vvorke*el out 
111 teuTaces, the soil of whieh e.ojisists ehiedly ed a re*eldis]i still clay. Samph-s No. 
a! and 55 are from block 2 on the iann aue.1 re;j)resent a mc<lium silt soil ; tin* reda* 

' l‘!ni(jroslis 
“ p'lcfrsiiir Fldijcfllfcnr. 

■' J tali upt/tjo/t Fcrluatifi. 

' Imprrala .irundiitficco. 

•* A ndropofjon Mariculu-^. 

•’ SacrJuiruw. Spvnlanunn. 

^ Pa^pulani Distich inn, 

“ Cynodon Dactylon 
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tioii followed jo wiu\ Imrhiy, whe<it-7o</;(//*-faIlow. Sa mples No. 5(3 and 57 (block 
;>) represent a clayey loam, well suited for ^rowiii*^ croj)s such as, jowar, wh(‘at 
and barley. Samples No. 5S and 59 (block 2 sandy portion) are tyjjical of the sandy 
s(nls, th(i rotation followed h(*ing jow<ir-jn{nn\ 

5. A/tocL-. 

Tln‘ Attock district comprises the w(‘sterii portions of the rough plain couni rv 
lying b(‘twecnth<‘ Indus and the Jhelum rivers, and u.nd(T tlie moujitains of lla/ara. 
Idle district is divided into four Tidisils, /.c., Attock, Talagang, Ihjidi (jllieb, l^'aUdi 
.lang, administrative divisions which corresjiojid fairly closely with the natural divi* 
sions. The Attock Tidisil, though not itsidf homogeneous in Jiature, dihers some- 
what from the n^st of the district, and may be divided into three main portions, y;c:., 
the (Ihhachh plain, the most fertile and riclu‘st portion of tlie district ; the Sanvalo 
tract a desert of waterhsss sand, and the NaUi tract, a. level plain d()tt(‘d hero and 
there, with barren hills and erosse<l by ravines. The Talagang Tehsil coiLsists ol 
a. liigh lying plat(‘au, scoured by tin* deep beds of Jiimu'rous torrents and lettered 
e.verywhere by injiumerabl(‘ small gullies and ravines. Tlui Fateh Jang tehsil 
com])ris(‘s the country lying between, and on both sid<‘s of the Hil and Suhiv 
stri'ams. North of tlie Sil the high lands ascend in a wilderness of irregular 
ra.vines scoured by torrents, 'rin* valley of the Swan consists of tlie broail and 
sandy bed of tlu‘ streams flaid\cd by wide stntclies of ricli alluvial loams, wliile 
b(‘yond tlu^ Swan is th<‘ less f(‘rtih“ land known as Wodolo, whuJi, on its soutliern 
side, comjnises the country known as .Vsgham, a, narrow undulating plain of small 
villagi‘s with light fertile soil and good bftnitn cultivation. The south-west conu'r 
of the Ihndi (Jlieb T(‘hsil is a wild and mountainous country where cultivation is 
carried on either in th(‘ sandy soil found on the top of the stony plateau or in 
deoj) valleys, banked uj) at their lower ends in order to arrest the soil washed 
down by the Hoods. The remaining jiortion of the central plateau known as tlu' 
JoHibtl, is a. tract, the charact<‘ristic features of which aT(‘ undulating stretches ol 
lim* saiuly soil pre-emimuitly suitable for gram crojis. HJie re'st of tlu‘ taJisil 
e'onsists of high open country, mostly barren and unproductive, but containing 
here* and the‘re* meire feutile* de‘pre*ssions. TeiNvarels the east at Fatedijang, the 
e*e)untry is a bleak, elry, undulating, oftem stony tra< t, broken by ravines and 
pitted by e)ute*rops of rock. 

Thus the elistriet consists e>f high mountain teips. bl(‘ak and unfertile, in the main, 
but with very fertile* spets at inte*rvals. low lying vallews, and vast le*vel plains : 
in but all the varieuis type's eif phvsical conliguratieui possible* are me*t witli, and any 
wide* unifen*mity of seiil type* in sueh a traet is net to be e.xpee ted. The* se>il ty])e‘s 
met with are re*sidual and eumulose*. eailluvial and alluvial and even loe'ss, in lact 
alme'ist all j)eissil)le soil types ;im* to he seen. In place's, the harel rocks may he* 
see*n in the proce'ss eif disinte'gral ion aiiel present a veiy instruciive stuely in nn't-henls 
of se>il formation. 
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Til TiibK' T iin‘ ijicliKlrd ;nialys<‘s ol 31 saniph's ol soil. Iroiii diHiToiit 

ill tln‘ Kali'll T(‘lisil. witlitlio (‘xcoptioji ol Khiinda wliicli is in tlio Kindi 
(du'l) Tohsil. Thi' country covcrial l)y most ol! tlicsc soils is a jiiiTt of tlio Nala. 
tract, a level ])lain, dotted with hairtui hills and slreaked with ravini's and streams. 
Analysis confirms our exjXMlation that the soils Irom such a tract do not lit in in 
any orderly sehenu' of soil types. Tin* li^ures aia* ^iven as indicalive of the difli'r- 
ent typ(‘s of soil met with in the locality south of the Kala ( 'hill a rau<j;e. Tlu' 
soils examiiK'd W(‘re mostly tak<‘n from tin' Katehjani^ d'ehsil and onlv llin't* samph's 
representing the first three feet were takcui from tin* village Khunda in Kindi (Iheb 
'fehsil, and one sanijile of black surface soil from tlu* same \ ilia^u*. Tin* soils from 
the different villa.e<‘s w(‘re all taken from a. threi* foot column, each foot Ix'in^ kept 
si‘parate. Tin* soils Irom Ajjuvvala (\os. (>3 (io) an* the heavd<*sf, of all the samj)les 
examined. .\s one travels from tin* villai»:(‘ towards the south-west, tin* soil i^ia- 
dually changt's from a li^ht nn'dium soil at Kharala Khiird (Nos. bb b8) to a sandy 
soil at Khunda. (<S7 IKl), and a, similar variation in the nn'chanical com]H)sition is 
noticeable as W(‘ movt* towards the jiorth-east In Jhane (()<) 7 1) ajid Neka (75 - HO). 

Th(‘. soils from Kati'hjan^if-Sadkal (Nos. bO b2) and l)oian (SI Sb) are all lij^dit 
mediinn soils. .\ll tin* soils in tin* Kaii'hjan.e 3\*hsil and alsii thosi* in tin* Kindi 
(dieb Tehsil a litth* further to the left hand si(h‘ of the Ra.walpindi-Kohat Railway 
liiKi are li^ht medium soils, while thos<' on tin* right- hand Ix'come gradually heavi<‘r 
as Ave travi'l from Ra\val|)indi t-o (lagan, a. distance of about- .“>0 mih's. Tlu'se 
rt'inarks aix*. howcAn'r, bas(*d uj)onthe assumptioji which as the physical descrip- 
tion of the district given above shows may not always be coi rect- that the soils 
Irom any on<' villagi* aK* typical of a considerabh* area surrounding tJiat A'illage. 

Tin', popula.i b(*lief as to the clayey naturi* of thes<* Ajjuwala soils is eojdirme<l 
by mechanical a.na lysis ; but tin' soil sampl(*s exa mim'd from Khunda wliich are 
popularly rt'ganh'd as similai in tvp(‘ to t-he Ajjinvala soils are sandy and not elayey. 
In fact, out of all the samj)l('s ('xainim'il these ar<' the oidy soils \\hi(*li are tyj)ieaily 
.^andy. The soil from Katehjang-Sadkal are shown by mechanical aiuilysi*- to be 
ln*a,\"y medium soils from whi<*h Kankar is abseiit and not sandv as (jonnuoiily 
believed. All the, other soils from t-ln* villages Jxharala.-Khurd, ») hang, Neka, and 
l^utbal («81 (S3), known as lime stoin' or hnthtr soils, are nu'diiim or light medium 

soils. 


7V/f' fjin/r and rallo. 

Tfie liginx's for these (averagi* for athre(* fe(?t column) are given bi'iow. 

The ])opuhirly known hnihu- and linn*, stone soils from tin* villages Kharala 
Khurd, Neka. (Jutbal and Doian. have all a. high linn' content varying Irom H per 
cent, to 13 ])er cent., and all of them, with the exce])tion ol the soils Irom KharaLi 
Khurd, have an eipially high lime-magnesia ratio. Ol all tin* soils e,xamined. 
Uiosi^ from Kharala Khurd show the highest figures for magnesium as lar as the. third 
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foot, (Jou.se(iueutly, tlioir liinc-magaesia ratio is imicli less than that of the other 
soils referred to above. 


Village 

liiDlO 

Lime ; Magne- 
sia 

Physical elassificatioii 


per cent. 



oii(!fcal ....... 

1 117 

1*70 

Heavy inoJiuni. 

Ajjuwala ...... 

l2-8(> 

7-U7 

Clay. 

Kliarala Kliiird ..... 

7‘8(» 

3*41 

Light modiuiu. 

Jlmug (irrigated) ..... 

5-78 

2*87 

Medium. 

Jliaiig .... 


QC 

Do. 

Noka (irrigai(3d) ..... 

81)1 

7*33 

Light medium. 

Noka, {lid rani) ...... 

1001 

8*01 

Ditto. 

l^utbnl ....... 

1 1-84 

7*1.5 

Ditto. 

l>oiuii ....... 

13*21 

8*37 

Ditto, 

j 

Khunda ....... 

.'5*77 

3*38 

Sandy. 

K limida (Maek Hoil). .... 

1 

3*‘M 

I•(^l 

Ditto. 


It is remjirk<il»U‘ tliat the “ liliin'.stuiic soils ’’ from Jliatig do not eontaiu as much 
liiiK^ iis the lime and knulcar soils froni other places. A still more remarkable fact 
is the very higli p(‘reeii1 a.g<‘, of lime found in the. elaye.y soils of Ajjuwala. 1 'his 
should ha,ve modilied favourably and to a very large extent, tli(‘ hard, impermeable 
f’liai’aet(‘r of tlu‘ soil juaking it as good a producer of crops as any normal soil, yet 
the cro]>s grown at. the, time when tlu*. samples wen* taken presented a very poor 
appea.ranc<‘. I>ut, as uuuitioncd in the physical descri])tion of the district, much 
depends n[K)n tlu^ character of the rocky substratum. 


Iron. 

Tlie (piautity of. iion present in these soils is not v(‘ry high and does not vary 
very jiiuch. with ihe e.\< (»ption of the Neka, soils which contain somewhat less iron. 
This t'xcludes any ex|)la nation as to tlu‘ red (miour of the soil being due to the high 
pro])ortion of iroji preseiit. The. wliite st>ils from Kharala Khiird contain more iron 
than the black soils from Kliunda. 

All the soils are rich in jrotasli and are certainly not delichuit in phosphates, 
wlu'ii we take into considerathm the fact that most of the Punjab soils have a P2O5 
content lying between 01 and 0*2 per cent. 
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Nitrogen, 

The amount of nitrogen present in tlu‘se soils compares favourably with that 
found in most of the Punjab soils, the average 0*0fj6 per cent, being slightly highoi 
than the average for the latter. Kveji the second and the third foot columns cojj- 
tain 0*055 per cent. nitroge]i. 

The figures for ‘‘ Loss on igjiition which are usually taken to r<‘present roughly 
the amount of organic matter [iresent in any soil, are high ^\\m^ compared ^dth 
other Punjab soils. 

These soils, as revealed by chemi<'al analysis, ar<‘ not delicituit iji any of the es- 
sential plant food ingredients, yet th(‘y ar(‘ not so feHile as other Punjab soils. 
Perhaps this is due to the fac t that these soils lack tlu' iu‘ci‘ssary plaiit food materiai 
in the available form. 

The figures for the amount of total solids (Table JI) present iji tlu‘. wjiter extract 
of these soils are much higher thaji w(i ordinarily )nc(*t with iji the alluvial soils of 
the Punjab. This coupled with the fact that all thesc^ soils coutaiji on an avera<M‘ 
0*2 per cent, of sodium bicarbonate may cxjilain to a. certain iwLnt their lesser 
fertility as com])ared with rich soils in other ])arls of tlu^ Jhinjab. 


4. The rndo^-Gangetic plain. 

The. P<*ninsula of Ijidia is separated from the nortlna-n ar<‘a of upheaval, of which 
the Himalayas are -(.he southerjv revetment, by a broad interval of low flat country 
known as the ln<lo-( Jangetic depr(‘Ssion, which extends from the delta of the Langes 
to the delta, of th<‘ Indus. Sinct' the geological era, in which occuiTcd tlie part- 
ing of waters, when tln^ Indus first started w(\stwards and th(‘ (binges turned its 
(airrcnts to the (‘ast. the physical (diaractcr of the two liasins has rapidly diverged. 

In the Punjab the Indo-Langctic plain extends westwards as far as Lahore. 
Tlie whole of the (bmgetic; basiu is within the i]dluejic(‘ of the south-west monsoon 
rains, and those ])ortions of tlie Punjab plain which repr(‘sent aji exLnsion of t\u) 
Langetie. basin are benolitt'd by tln‘S(^ rains. Tli(‘ western tracts, however, wliieh 
form the basiu of the Indus and its alfliients, present physiel characteristic's dillVi- 
iiig in many essentials from thos(^ of th(i Langetic. basin yropiu*. From the dis- 
tricts when* tin* ])lains sj>rearl southwards, the Punjab ])resents the jiictuie of u 
flat treeless lan(isca]i)e except in the areas served by the cajials. Tluro was a time 
when forests grew in the Sind valley, but they have long ago disappeared and it is 
probable that with this disapjiearaiiw th(^ meteorological f5ondiLio))s of the Indus 
valley have greatly changed. 

No part of the Indus valley is subject to a regular and systematic rainfall i)i tlu^ 
monsoon season, althougli the fall gradually ine.reases from Sind towards Lahore. 
Thus the climate of the valley is hot and dry. In*iga.tion has, however, greatly 
developed lately and tliere are green areas aroiimi the Indus liver and the newly 
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iSprcfid net work of the Punjab canals^ which are once again altering the character 
of the lanclsca]»e. 

Wheat, harley, cotton and .sugarcane are the chief crops grown in tlie 

plains area, the latter two predominating in the eastern parts. 

1 . Ilissar. 

This district falls into four natural divisions : — 

A. The Hold tract, of the 8irsa Tehsil which stn'tclies from the northern boundary 
to th(‘ (ihagar, whose, soil is a soft reddish loam, interspersed with sand and clay, 
tlie water level in the wells of which vari<‘S from 40 to 180 ft. in deptli. 

\^. The Nali tract, stretching from (‘ast to west through the Fatehabrid and 
8ir.sa Tehsils. Its characteristics featur<‘ is a iiar<l iron clay soil, which permits oi 
no cultivation unl(‘ss well saturat(‘d with water. 

(1. The. Batjar tract stretches from the south and west ol Sirsa throiigli Sirsa, 
Fatehabad. Ifissar and Bhiwani. Here tlie prevailing f(‘atiires are a light sandy 
soil with shifting sand hills int«u*sp(‘rsed in parts with lirmor and even loamy boctoms ; 
the. sf)riiig level is mure than 100ft. below the surlai'c and the water is lr(‘quently 
bitter. 

D. The Ilariaua tract eompris<‘s the wliol(‘ ol the llansi. and tlu^ eastern jxirtions 
of the Fat(‘Iia.))ral, Ilissar and Bhiwani Telisils and is traxaTsed by the Jamiia eaiial. 
The. leading fea,tur(' of th<‘ traet is its tirni elay soil : sand hills are oeeasioiially 
found, ()iit th(‘ low l>’ing parts are particularly hunl and clayey. Tlu* s])ring level 
is generally l)(‘low 100 ft. <'xcept in eanal villagt‘s wlaua' it rises to within 30 to lO 
ft. of the surfaiaa 

Samples 91 to 90 and 105 t.o 109 W(‘r<* taktui from th(‘ (loviMnnHao. Agricultural 
Fanil at Ifansi and may be taken as rejm'semtative of the Mariana tract. 

No. !)l is a good a,V(‘rag<‘ soil a-iid contains a small pn)j)ortion of hinkar. In wet 
W(*.athei \vati*r remniiis standing on t-he surface and in tinu'S of draught the ero])s 
suffer. rotation generally followed is wheat-eottoinsugarcaiie. tin' aV(Tage 

yields being respectiv(‘ly *25, 3. and 40 maimds (kA ejar in tlie latter ease). Sugar- 
cane is manured at the rate of 15 tons of farmyard maun re per acre. 

No. 92 is a good loam very well draiiuxl aii<l is gtmerally put under tin* rota- 
tion, coiUm, jaar, with manuTe to eoitoii only. The. average* yields obtained are 
lO maunds of cotton and 10 mauuds of Jaar (^^or^/ha^n raltjarc). 

No. 95 is of tin* same typt* as No. 92. Tin* rotation followetl is wheat, cotton, 
scajt (Mrlitotas parrijlont) w'ithout tin* n.se of any maiiun'. and tin* avaa’age yields 
per acre, are, wheat ‘50 maund.s and cotton 12 maunds. 

No. 91 is a somewhat ])oorer soil of average type and contains a very small 
amount of kaakar. 

Nothing but cotton was grown in thi.s field and no manures were u.sed. Tin* 
iiverage yield of cotton obtained was (i maunds per acre, 
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No, 95 is of the same type as No. 91 except that this soil was from a permanent 
wheat plot where no manure was used and the average yield of wheat grain per 
acre was 15 maunds. 

No. 9(3 is a very h<*avy soil lit for growing rice only, and was rather im- 
permeahle to water. No maiiur(‘s were us(m1 and the yield of rice averages 
15 maunds. 

Soils Nos. 105 to 107 have an almost similar clnmiical and meehanical compo- 
sition. No. 105. however, was taken from a held which was dev<‘loj)ing kallar 
and InuK^e is not suitable for growing normal crops ; still, barley and fodder crops 
do t|uit(‘ well in this soil. No. 10(3 is a sample of soil from a, piece of land which was 
under tlie. rotation wlu'at, fori((, cotton, and Te|)resents one of the best soils on tiui 
farm. The average yield during the last live years has been 23 maunds p(‘r acre, 
of wheat, toria (3 niauuds and cotton 9 maunds. No. 107 is a sample of soil from 
grass land on tlie farm. Samples KkS an<l 109 are from a plot which was under 
wheat. 

Sa,inples No. 97 to 100 are from the llis.sar cattle farm, llissar may lx* said to 
rt'preseut the Bagar tract of tli(‘ distimdi although some of its area falls in th<‘ Mariana 
tra.ct. Th<* samph' ('xamined contains a. high percentage of clay, but the 
preseiKM' of a (mnsiderable ((uantity of line sand imparts to these soils the, eharac- 
t<u*istics of a sandy loa.m. Th(‘, soil represented by Nos. 99 and 100 are coarser 
grahied than the others and nion' suitable for wheat, oats and barley. This soil, 
liowiwir, produces good crops of sugar(‘an(‘ and rtiari, when manured. 

Samples lOl and 102 r(*pr(*s(‘nt soil and sub-soil samples resp<‘etively from per- 
ina iKUit rice lields in the villag<^ of Rasul pur (Tehsil Sirsa) and are r(‘pr(‘sentativ('- of 
tli(‘ soil in that lot‘ality. The soil as tin* mechanical analysis shows is a hard, clay(‘,y 
soil (‘ontaining 25 [)er (M*nt. of clay. Nos. 103 ajul 101 are soil samples from the 
village Sikandarpur of the sanie, Tehsil which is suitable for growing sugarcane, 
maize, potato«'S and vegetabh^s. 

One reiiiarkabh' feature common to all the, soils from llissar is that their lime 
content is higher than tliat of any others of the district, while in regard to the other 
constitiumts they are similar to soils from Mansi and Sirsa. Correspondingly, 
the lime and magnesia ratio is high, in fact, higher than in any of the average 
soil samples from Mansi, llissar or Sirsa. 

There is oik' noteworthy leature about tlu* two soils from Sirsa, their lime (;ou- 
tent is about the same, hut magiu'sium in the soil from Rasulpur is about three 
times that found in the Sikainlar])ur sample. This difference reflects itself in the 
lime magnesia, ratio, whi( h becomes 2*23 tlie highest for any of the soils examined 
so Far ill the eutirc district. At present there seems to be no explanation lor 
thi^ dilT(‘,rene(‘ : no doubt tiu* soil from Sik.andarpur is .sandy and that Irom 
Rasulpur a heavy nuslium typ(‘, but wc do not, g<‘l i(»wcr ligures ior magnesia iu 
sandy soils as a general rule. 
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2. KarnaL 

The Hoils in this (hstricvfc are of a very (iiv<‘Tsc character varying from fertilt‘ 
lo.uxLs to stiff <^lays vvliicJi are covered with dense thickets of Dhcik (Lutea Fnindosa). 

/i great portion of the laud in the distri('t is watered by the western Jami\;i 
canal, while floods from tln^ Saraswati and other streams are helpful in raisino 
crops such as gram from, tlie ar(‘a commanded by them. The figurcis for two aam])les 
of soil from the well irrigat(jd areas of the district are given under Nos. 110 and 111 
of Table f. Sarnide No. 1 10 was taken from a ])lot in Samalkha and is best suited 
for growing wheat. This soil, with sub-soil water ft. below the surface, is ver\ 
vv(dl drained, a,nd yields on an average 20 -25 maunds of wheat per acre. The- 
general rotatioii jjra.c-tised is wheat, sugarcane,, wheat. Sugarcane is generall v 
manured at the*, rate of 20 ca.it load.s of farmyard manure per acres but wheat is 
seldom manured. The yield of sugarcane is 40 to 50 maunds of gur from th(‘ 
Siiretha and Lalri va.rieti('s. Samjjle No. Ill was taken from the village Manana, 
where sugarcaiu* is the. cbief c.rop grown, yielding aji average of 50 maunds of gur 
per a, ere. The rotation follo\ve<l is sugarcane, wheat, cotton, scjiji. Both sugarcaiu* 
and (M)ttou aT<i manured, the. foruuu* at 20 25 ( art loads per acre and the latter at 

12 - 15 cart loads oniv. The, n(‘vv vari(‘ti(‘s of sugaTCiUn^ such as (Jo. 205, 22^1 and 
2b‘l a.re now giving miudi higher \ ields. rr;., about 80 mauuds of giu' per acre. Tlu* 
soil is good and W(dl draiiuMl and (•arri(\s a, bard (day substratum at about the 7tb 
fo(jt, whih^ tlu^ d(‘pth of tli(‘ sub-soil wa.t(‘r is about 10 ft. Other analyses of soil 
samples r(MM‘ivcd frotu th(‘ fh'.puty ( ‘oinmissioiKU* of the Karual district in the year 
J014 are given uiuhT Nos. 1 12-118. 

Nos. 110 -121 a,re saanples of surfa.(ie soils a,ud sub-soils from the lm])eria! 
Oa.ttle Brec(liug Ka,rm, Karual, having been tak(‘u r(.‘,sp('ctiv(4y from plots Nos. .0, i 
and 5. No. 125 is from phd. No. 2. As will be seen from tb(‘. a.ualysis, the soil of 
the farm is a light uuidimn loam. and. as exjxuMeiKU' has shown, gives a very good 
c.rop of whe.at, tlie. a.v(*ra.g(‘ yield being 20 -25 maunds. 'rh(‘se soils can with proper 
mauim^ and irrigation Ix' ma,(l(‘ to yi(4d V(.‘ry good c.r(>])s of sugarca.u(‘. tlu^ (diiuatic 
(•(Uiditions f(»r \vhi(*,h arc very suita.bl(‘, owing to the a,b,s(‘nc(^ of frost. 

Ferozejmr, 

This district consists of a Hat alluvial plain well wooded in its northern lialf, 
])uc very bare in tlu' south when' it is absolutely without hill oT eminence of any 
description and devoid of rindv and stone. 

Wheat and gram are tlie most important crops, rice and maize being grown on 
the iniiiidatiou (xiiials, while Moflt (PfKfs^'olns aeon itifol his) is the chief c^rop of tin* 
sandy tracts. Little sugarcane or cotton is grown. A large jiortion of the district 
has recently come iimh'r irrigation, by w^'lt(u•s from the Siith‘j valley canal projects. 

Sample No. I2().in Talile I wa,s obtained from a trae.t commanded by both inun- 
dation (?auals and well irrigation in Kc^rozepur Tchsil, Wat(*.r ])ercolates with 
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difficulty and on drying the land Ix'comcs rather hard. It is usually put under 
wheat and gives an average outturn of 20 inauuds per acre. The spring level is 
generally about 10 ft. from the surface. 

Sample 127 was obtained from a village, Sada SinghwaJa in the Moga Telisil, 
whose land is irrigated by (\aiial water and is generally ]>iit under gram, although 
a study of its x)hysical coiistituents and eheinieal analysis iudi('ates that it is suit- 
abb'. for more pa-yiiig cu’ops. 

Samples Nos. 128 — VM wort', obtaiiu'-d from the Military Dairy Fatjm, Kerozt'juir 
cantonment and reprt'sent light uu'tlium soils <juite wt'll suited for growing sugar- 
cane, wheat and gram. Nos. 128 and 120 are the surfatu'. soil and sub-soil sampb'S 
from plots 5, 0 and 7 on tlu^ farm which art', imdt'r wht'at, gram, barley and oats. 
►Samples Nos. 1 20 and 121 rt'.jn’esent soil from plots 2 nud I which is not so sandy 
and grows maize, e/t(n'i, barb^y and lucern. 

4. JnUfuidur. 

This district forms an irregular ti’iangle with its base on. the rivtjr Sutb'j. No 
hill or roc.k* breaks the monotony of Die |;I.iifi which forms a /oik' of rich (adtivable 
soil skirting the foot of the Himalayas and was ri'garded by the Sikhs (Ix'.fore the 
present canal system (aune into <‘xistcjicc) as the garden of the Punjab. Bandy 
patche,s are found at j)laees, and witli these f<‘w exce])tions one vast slna.'t of luxuriant 
and varied v<'gctatiou sjU'eafls over the plain from end to end. A (‘om])lete failure, 
of tile, rains seldom occurs, and. a.ssistcd by tlu'. protection a fforded by the nnnu'rons 
wells, the soil is on the whole sulliciciitly charged with moisinre to resist miiior at- 
ta(‘ks of drought. A larg<‘ portion of tlu‘ dlstriet <*onsists (d good alluvial loam ; 
though patelies of (*lay and sandy soils also (exist. Tracts an^ also known which 
(jontain a considerahhi (juantity of l;i,rg(* nodules of in tin', siib-soil layi'rs. 

'riie only a.nalys(‘s a,vailal)l(' uro. from sn.mph's obtai]n*d from llahojj, Ji(*ar th(i 
(^astern coiann: of tlu', district. Samples 12>2 and 122 in Tal)h‘ I show the ajialysis 
of these soils. No. 122 was takaui from a, light soil, whih'. sa,mj)l(‘. .122 r(‘pr(‘s<‘i)ts 
a very fertih^ lu'avy loain. The eldi'f sources of irrigation ar(‘ W(‘l]s a,nd flood wat(‘r 
from the riv(U*. Tim average yi(4ds of crops from th(‘se hea,vy soils [)er aiaa^ jire 
wheat 15 maunds, cotton 5 maiiuds, malz(* 12 inaunds, and ricx*, ov(‘r 2D mauiuls. 
fu th(i abseiKM'. of irrigati(m faciliti('s, the sajidy soils a,r(' seldom p\it undiir crops. 

No. 1 22 is the heaviest fertile soil in the rrovince we hav(j m<‘t with. The 
average rainfall in the bxaility is 20 to 20 iimlu's and it is (juitt; [).robable that such 
a soil, if situat('d in arid tracts I ik('. that of Multan or Muzaffargarh, might prov(5 to 
be (juito unciiltivabh'. and unfertih'.. This is an illustratioJi ol tln^ fact that climate 
and locality very largely det(.u’min(' tlm prop(U*ti<'s and ehaTa(.*t(*r (»l any soil. 

5. Lahore, 

Tln^ Laliore district prcscaits an almost uniform l(iV(iI surfact^ from (nd to (Oid, 
with hardly a-Jiv vari(‘tv in its phy.sical features. Its soil is inclined to be <!ry, but 
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in parts near tlie Amritsar border good sandy loams are met with. The well, waters 
specially in the tract between Patti, Kasoor, Kacwind and Kana Kachha are in- 
dined to be saline. 

Two samples of soil from this tract an; on record. No. 135 in Table I was 
taken from a village named Jodhii in the Lahore; Tehsil. It is a very good 
soil, \\ (‘ll drained, and is generally put under a heavy croi)ping system, the chi(‘f 
rotation followed l)(;ing wheat cotton .vcAt^'f-siigarcaiic. 

Sample No. 135 was tak(;n from the District Board farm at Rat; wind and is fairly 
representative of the saliiu; tract mentioned above. Tht' soil is very fertile and 
grows good crops of Avlieat, maize and sugarcane. The sub-soil water is generally 
at a depth of about 20 ft. 

(). Sluililtup'ura, 

'riiis district is a new one having betui until quite recently a ])art of the Lahore, 
(lujranwala, Sialkot and Lyallpur <listricts. 

Most of tilt; lan<l in the district is iiTigat(;d by tlu; l/})])er Chenab Canal and tli(‘ 
Lfover (dumai) Canal, and on account of see])a.ge of water from these canals, a vusl 
l.r;iet of land near Chichoki Mallian has become waterlogg(‘d and consequently 
unlit for cultivation. Rice is the chi(d cro]) grown in t)u‘ gi'cater part of the district. 

The (‘ast(;rn tracts of tin; district have another sourc(‘ of irrigation in the riv(‘r 
Degh which, rising in the Jammu hills and flowing through the districts of Sialkot 
iind Cujranwala., (‘Jit(‘rs Sheikhupura. district at its extnum' north-eastern boTfh*r 
near Sadhoke and (’ontiiiues for most of its course to flow parallel to the eastern 
boundary of tlH‘ district. At Taj>piala it hraneli(‘s into two portions, on(‘ portion 
borders the larg(‘ village Kot Pindi Dass and the other Kuthiala and Khanpur. 
'Flic latter branch is called the ehhoti Degh. They again join near the village' 
Dlienga and after flowing for some* mih*s furthiT, the stream falls into the Ravi. 
The Degh is most uncertain in its supply of water, being principally dependent 
on the rain from the hills. At times, howt;ver, the stream descends with gr<*at 
rapidif-.y, ami its waters oveudlow the country for miles on either sides. lu tin* 
hot weathi;!’ it is nearly, but very rarely, quite dry. Above the village of IJderi 
the water has to be raised by .Jhalars of Persian wlnads, but below it irrigation 
can la; elb'cted by the natural flow of the water. The di'posit left by the flow is 
rich and the, best rice is grown on huuls which hav(‘ b(‘en sul)merged by it. 

No. 1‘17 ill Table 1 is a sample of a vitv good soil wliieli generally gives an oufturn 
«d’ 15 -20 maunds of wheat, G 9 mauiids of cotton, 30- 10 mauiuls of sugareaiu' 

{(pfr) a, lid 12 to 15 maunds of toria (Bra.s.'sica Napns), 

No. 138 is a saniple Irom a soil which represents a fair av(‘rag<* of the tract. 
The average yitdds obtaiiu'd on this trart of laiul art' from 12 — 15 maunds of wheat. 
') (i maunds ol cotton, -und 8 - JO maunds ol foyta. Sugarcane is s(‘ldom grown. 

Samph's Nos. 130 to 1.50 are Irom diOVrent types of soils but all growing wheat 
under dilTereiit conditions of irrigation ; these being recent canal irrigation, old 
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Ciinal irrigation, haram and W(41 irrigation. Eacli sncc*t‘8sive set of 3 soils repre- 
senting sandy, loam and clay, being iind(^r th<‘ above nuaitioned four t\'[)es of dilT(‘r- 
ent irrigations respoctiv<4y. A glance at the figures of aiudyses will show that no 
correlation appears to exist between the chemical analayses and any })articular 
type of soil. 

The water level is generally 27 to 30 ft. from the surface. 

7. Oujrat, 

The Northern corner of this district is crossed by the Pubbi hills, a low raug(‘ 
forming a (‘ojitinuation of the salt range a.nd |)i(‘rced by tin* .Iheliim at M ii ng Rasul. 
Immediately below and surrounding these hills, a high sub-niontane trait (‘xteiids 
ae.ross the north of th(». distrii^t from the Jlnduni eastward. P>ut the gri'ater part 
of the district lies on the Indo-(jlangetie alluvium. The sub-montane ])ortion con- 
sists of a good firm soil of ri'ihlish colour \vith an adinixtun' of sand. The portion 
in the plains, however, i^ojisists of a rich reddish loam. 

Sa.m})Ies Nos. 1.50, 151, 152 were obte.ined from ChilliaJiwala. and re])rescnt 
soils which are chiefly suited for sugarcane, gram and rice ri'sjxHtividy. 


5. The North--West dry area. 

1 . MonUpmo'fj. 

This district occupies a gnsit ])art of the tract known as the (Janji Bar. 

The land in the two Tehsils, .Montogomery and Okara, with the exi'i'ption of a. 
small tract near Kamalia., is irrigated by the Lovvm* Bari Doab canal, while the 
[)epa,lpur a,nd the Pakpattan 'kidisils are irrigated by water from inundaf ion canals 
supplemented by water from wells. During the next few yi'avs, however, it is ex- 
pected that the whoh* of the. district will ('Oim* under irrigation from tin* Suth*j 
valley projeid^ and the proposi'd extension of the Lower ('henab Panal. Tin* soils 
of the distriit comprises some very gooil loams and also soim* very hard soils ipiiti*. 
untit for cultivation. Soils impregnated with soda and other salts an* not uncom- 
mon. 

Tile Agricultural Depaitment possesses an <‘X[a*rimenta 1 farm at llarrap[)a 
where the [)roblem of reclaiming ihU'a soil is under investigation. Som<* de.scrip- 
tion of these, inferior soils will lx* given later, (^intlniug attention for tin* moment 
to the good soils in Table J, samples 153 — 157 n'present s|»ccimcus of normal 
soils of the. district, (hdtivation f)f thesi* lands has been of a >'ery recent intredne 
tiou (the canal having been oyiened as rec<*ntly as Ptl l) and tli(‘y are capable 
of jirodiieing very suei'essful crops of American coiton. Dt s} cotton, whe.it. snyar- 
cane, foria and maize. 

Sam})les Nos. 158- -1(12 an* from the Poleyaiia. Estate. Okara. Nos. 158 f.o Ibl. 
from squares 25, 20, 43 and 45 res]>ectively, are sptfcimciis of good sandy soils suit 
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able for lucerne and oatSy but equally suitable for growing charree, shaftal and other 
(jer(‘al crops. No. 102 is a sandy soil approaching a medium loam, and is one of the 
best soils on the estate. 

►Soils Nos. J02 to 100 arc from the Agricultural Department’s old Seed Farm, 
and 107 to. 172 from the Jiew See<l b'arrn. Nos. 103 and 104 are the soil and sub* 
soil sam]j]es from square 17, line 1, and 105 and! 06 fromscjuare 15, line 5. On the 
basis of tluur mec.haJiH'al analysis, both these soils (Nos. 102 and 1 05) belong to the 
grouj) of sa)idy soils ; hut since almost all the sand present is fine sand, the soils 
ap])roa(di the nu'diurn loam type, Avhich is suitable for growing almost all crops. 
The saiuph^s. Nos. 107 172, are the soil and sul)*soil samj)les from square 15 
held 11, S(piar(^ 2S field I aid scpian* 12 field 25 on the new s<‘ed farm. The first 
of these nvsemhh's in texturi* soil Nos. 102 and 101 above, whih^ the last is a light 
medium soil. 

2. LijaU'pur. 

'Pile, district was constitutisl in 1901, mainly from villages transf(*rred from Jhang, 
with tlie additioTi of a ctu-tain number from Montgomery. It comprises most 
of th<‘, high table laud Ix'twecm. tlM‘ (^nuiab and the Ibivi rivers and is now irrigated 
by the Lower (ylumab canal. 'Pin*, climate, is v<‘Ty hot in the hot season and tlu‘ 
rainfall vmy low% viz., about 12 inches. 'Pin* sub-soil water is very low, about 
5(S ft., but has bein sheadily rising in recent y(*ars. The soil is a fine loam, e,x(a‘.pt 
ill the. 'Poba Tek Singh 'Pehsil where it be<*.omes sandy towards the W(‘st. 

hVom <2 to 10 It. below the snrlac<‘, the sub-soil is <*xtr(‘nn*Iv saiulv, lienee tin' 
soil is v(*ry wcdl drained and water percolates with considerable ease. The. water 
levid is about (iO It. from the. surface and has ris(*n about 2 ft. during the last ten 
y(‘,ars. 

SiweraJ borings havi*, beiui made extmiding to the sub-soil water level in eonnec*- 
tiou with work on the. movement of moisture in the Lyallpur soils. Talde III 
show^s tin* lignr<\s for the mechanical analysis of (*aeh successive 2 ft. (ailiunn of 
soil. A gianee at tin*, figures obta,ined Ironi these borings will show^ liow very sainly 
are tin', lowin’ strata of the sub-soils in the Lyall])ur district. 

()tln*r analyses of soil samples obtaiin'd from the. (joverumt*nt Agricultural Farm 
a,t Lyallpur and other parts of the ilisti ic,t art* pr(*se.uted iji numbers 174 to 185 of 
Table I. Nos. 182 to 185 arc siudace soil and sub-soil samples from sqiia.re 10 
anil 29 res|)e.(*tively on the Lyallpur Agrieiilturai farm. Both these soils are sandy, 
the former b(*ing a. e.oinparatively poor soil having been under various crops, such 
as barley, wheat, oats, during the last live years. The iattiu* represents soil 
from the Botanical ga.rdcn which has been found to be vivry well suited for growing 
citrus trees, mangoes, dates and other fruits. 

No. 172 may be considered to represent a typical soil of the district. From 
an inspect^oji of the analyses of other .samples, it will be seen that the soils of this 
district are of a distinctly sandy nature, lacking in humus, but successfully produc- 
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mg cotton, wheat, sugar(?aue, (oriu maize, vegetables and IVxbbT crops. Tlie chief 
ird-atioiLS followed are 

1. wheat, wheat-/oro;, c()tton. 

2. wlieat, (jotton, wheat. 

3. maize, senji, sugarcane, wJu‘at. 

1. wheat, rJiari and (juam, gram, cotton. 

Th(^ average yield for these? cro[)s are : - 

Wheat: -16 maiinds, forta 8 rnaunds, cotton 8 niaumls, maize 1<> mauiuls, 
o nji (green) 250 rnaunds, gram 20 rnaunds, sugarcane 50 rnaunds {(jur), rlntri and 
i/fiara (green) 300 rnaunds. 

Oranges, lemons and maltas hav(? also doju? ]»articularly w(‘ll. 

It has been estimated that alkali land to th<? extent of about 175 scpian? jniles 
rxists in this district d? presenting, from absence^ of cultivation, a. loss of about 
ds. 100,000 annually in revemui alom*. 

l). HItalqmr, 

With the exception of that j)orti(n of the salt range which is included in the 
north of the Ivhushab Tidisil, tlu*. wliole of this district forms )>ait of the great Iiido* 
(huigctic j)lain. 

Jn the valleys of the Jlielum and the Chenab, and in the plain betwceji, the soil 
for the most [)att is a v<‘ry fertih* sandy loam interspersed a\ ith pat<*hes of clay 
;md sand. Tlie poition covered by tlu* 'Fhal consists cliioHy of sand hills with 0 (t- 
lasional pat(dies of hard hnad soil and tracts of ground inpregnated with salt oji 
wlii(ti jjractically jiothing grows. 

In Table*. I, Nos. bSO, |S7 1 88. hMI to 10(j, ajid 200 to 2I‘) were* obtaiiied from 
Uh* Sa,rgodha Ib*fuount f)cjn>t, soil No. 180 lanig pari icidarly good for growing 
wheat; cotton docs l)<‘st (ui No. 1.87. and No, 188 responds vc'ry wa*)! to sugarcane*. 
In fait, N'os. 187 and 188 would, iiti<h*.r the cire-uinstaiiccs, grow, good crops of 
wheat, cotton, sugaa’caiu*, maize? and forin. 

Soil No. 181) is from th<* (^mn*! (\irps harm, Sargodlia., ajid is deTH icjit in iiitrogcn 
and phos])hatcs. Tin* ana.Iys(*s shows tliat soils Nos. 11)0 to IDb, D'portcd as j)oor, 
are jiot deiicient in j)laiit food hut rc'^uire pro])er eultivation. No. ll)j is, liowaivan, 
cah'areous and poor in pliosphoric? acid. 

Sa.m])les Nos. 20(J to 2L2> represent tlie surface soil and suh-soil sainples from \ 
dih'ereni- plac(*s on the farm. Samples 20(» and 207 are specimens of a. I iglit medium 
'^nil from square 300, under tin* rotation, r/mri, fallow^ linseed and oats. Samj>h*s 
-08 and 2()D un* from s(|uare 207, a tyjie of medium soil bordering on heavy loam. 
This is the heaviest soil on the faim and om? of the best as far as yic?Id is (joncerned. 
The rotation generally followed is IxTseem, oats and lucerne, sugarcam?, wheat 
^ud cotton; in fact, all kinds of crops should do equally well. Sainjiles 210 and 
-11 arc from square 64 and represent a light sandy soil suitable lor growing giam, 
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l)iirl<‘y, TJic rotation iollowccl has hoon gram, harlcY, [Guara as grc^cu manure), 
haric.y and rhari. The last two saiii|)l(‘..s from tli(‘ farm are from permanent grass 
j)i()ts us<vl for grazing and making liay and represent a medium silt soil, one of tlie 
best types ol soil Irom an agrieultural point of view . 

Samples \os. 197 to 205 w'ere taken from the Keinount I)e[)ot, Mona and 
r(‘pr(‘sent all the diiTerent tvj)es of soil iiu't with on the Depot area. Soils Nos. JOT 
and 198 are the surface soil and sub-soil samples from square 72 whicdi eompris(*s 
a, inediiiiu silt soil capabk* of growijig oats, barhy and citrus fruits, etc. The rota- 
tion actually follow’(‘d on the ar(‘a is, fallow', lobia, fallow', oats, fallow. Soils 

Xos. 199 and 200 ar(' sp(‘(‘imens of a medium soil wdth a high percentage of clay 
but consid(‘rably modilied by the presence of a considerable admixture of sand. 
The ar(‘a has b(‘en ke[)t un<l(‘r grass, but the soil is of a quality such as to be well 
suited for wheat, oats, cliful, lo]>ia, etc. hi sam])l(‘s 201 and 202 (square 32) w'e 
have a light saaidy soil which should do (juite well for niol/f, barley, gram, etc. 
Samples 203 and 20 1 (squari* 125) rejiresent a soil similar to that of Nos. 197 anil 
198. It should grow all the, crops for W'hich the previous soil is suitabh' ; as a 
matter of fact, it is used as a permanent grass paddoi k. Soil No. 205 is the first 
foot sani|)le from s([uare I (>5 which is under lucerne. 

' 1 . Jhahfj. 

Th(‘ district is dividivl into 3 portions, viz , — 

(o) Thr Intel If/itit/ /otntnl the ntsf of (he Cheurth River, 

Th(‘ soil here is aji alluvial loam more or less mixed with sand, and, on the whole, 
oxtnunely fertile, and is commanded by the Lower (hiuiab (hnal. 

(h) The Tniet lf/in(/ hehreen the Cheatth and the Jhetatn. 

ddiis is irrigated by the Lower Jhelum Canal and the soil is generally good ex- 
cept that ill many places It is inqiregnated with salt and therefor»^ unfit for culti- 
vation. 


(c) The portion liliioj iref<f of the d he] ant. 

This is a ])orf ion of th<* famous tract kjiowii as the Thai. The (Ireat Indian 
Desiut, which borders the whole southern limit of the jirovince sends out two 
arms which einbraci* the actual country of the live rivers. That on the east takes 
in a great part of the Chulkian state, w ith its apex near the town of Jmdhiana. The 
westerji arm (locally kJU)^^l^ as the Thai) extends from the* 8ind border u)) thi^ 
Indus valley to the south-west angle of the salt range. The eastern chain of sand- 
hills ajid alternating barriers has of late, however, lost much of its desi'rt charac- 
tiM- through ‘canal extensions. The Thai which constitutes the great Stapjn^ in the 
Sind Sagar Doab, consists of a series of rolling sand-hills formed by the wdnd, -which 
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riiJi parallel to the great l)arri(*r tormed l)y the salt range and ar(‘ broken by valleys 
in which the original surface is ex|)Osed. In sonu* of the eastern ])arts of the Thai 
the sand hills are very high, in otluTs the gi'ound is perfectly level for miles, A 
scantyrainfa.il, a treeless sandy soil, and a. precarious and scatttTed pasturage mark 
this out as tin* most desolat(‘ tract now remaining iji tlie Punjab. Much of it is 
real desert, barren and lifeless, and devoid not only of bird and animal lib* but 
almost of vegetation. 

Nos. 214 and 215 in Table I show the analy.ses of samjdes of soils from a village, 
Pagh, in tln‘ canal irrigated tracts of tiu* district. Containing as they do au ex- 
cess of coars<Mind line silt, tln^y form very good soils for cro])s sucli as wlu'at and 
cotton. 

6. Mull(ui. 

The Multan district is almost entirely encircled by the confluent streams (d‘ tin* 
(dienab and the Jhelum which unite at its south-westiuai extremity. Tlu* soil of 
tin* district is of a uniform alluvial nature, with sand evaTywluua* at a greatiu* or 
h‘ss depth from the surface. From an agricultural point of view, th(‘ disi-rict 
may be regarded as composed of 2 distinct tracts 
(<() The riverain, tract. 

(h) The tract irrigated by the Low(‘r Pari Doab canal and the imuidation 
ca,naLi.and wells. 

(c) The Bara, (unirrigated). 

In Table I. sample No. 21b represents a. soil from th(‘ tra(t Irrigated l)y the in- 
undation canals and w(*lls. while samjde No. 217 repn‘sejits a good soil fnmi the 
area covered by the Low(‘r Pari Doab canal. Analys(‘s of sampl(‘s from otluT parts 
of the district are given under Nos. 21<S - 22ib of the sairn* tabh*. 

0 . MuzaJfarijdr/L 

This district occupii's tin* southern area, of tl)e Sindh Sugar Doab. Tin* wild 
Thai of the Doab extends as far as tiu* middle of th(‘ district ami occupi<‘s mon* 
than half of its area. A brief doscri])ti'on of the cliariu teristics of the Thai lias 
alr<*ady been given. 

Of the remaining land, that lying alongsiite the two rivers is subject to heavy 
Hoods, but the central ])ortion is prot<*cted by (Mnba.nkm(nts and is within easy 
reach of irrigation faciliti(‘s. This portion accordingly is ricli and prodnctivi* and 
many large and jirosperous villagi'S are to be found in it. 

Sam])les Nos. 220 and 221 in Table I have been taken from the irrigat(‘d trac ts 
of thc^ district where irrigation conditions arc* favourable*. Most of the* soils, of 
which sample No. 220 is typical, arc* put under rice. Otherwise, the soils taken 
as a whole also prcjcluce v(‘ry good crops of wlieat a,nd cotton. I.atc'ly, Iiowc'vct, 
consideralile attention has bc*en paid by the* Zamindars to the develo])ment of fruit 
trees such as the*, date p.alm, mango(‘s, pomegranate's, etc... and it is ho[)(‘d that iji 
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tiui iLca.r this poHioii of thr Miizailnr^arli dLstrict will hf uiun*- juirti(*iihirly 

rhivotoil to fruit growing, s|)(‘( ially th<* (lat<‘ palm, for wliicli, owing to tin* salino 
Jiatiire of tlio soil, it is hotter suit(‘(l. 

»Salt iiKTiistatioiis are common in the Mu/alTargarJi Telisil. 

7. Dihra (Um^A Khart. 

This <listriet is situated to tiie west of th(‘ hidiis. Oji tlie luu’th sid<‘ it is moun- 
tainous, Initthe. gnaite.r part <»f th(‘ distriet Ii<‘s on the alluvium of tlie plaijis. 

Th(^ soil varies from a rich loam to aji alluvial cla-y as we pass from the moiui- 
tains to the Indus. Tlie eliief sources of irrigation are tlui inundation canal from 
the hidus. and hill torrents which also ileposit large ((uaiititii^s of silt, thus adding 
to th(‘ fertility of the soil. 

Samphi No. 2d2 in Table iNo. 1 was taken from a village Jiained (luiratta.. 
The land is w<*ll drained an<l lias a suh-soil layer whicli is very sandy. chief 

rotation foUowiMl is wln^at, cAro/, or \vh(‘at, cotton, and an avtuMge outturji of JO 
maunds of vvlnait aiul 5 inaunds ()f cotton per acre is obtained. 

r>am])h‘S No. was takiUi from a, village jianusi Oaigan. ddiis iiiid the villagi* 
(Imratta. ar(‘ both situated in the ar<'a irrigated by imuidation cajials a.jul W(‘lls, 

'IMiis land is cousid<‘rably better thaji that r(‘pres(mt(‘(l !>>' No. 2*i2 and usually 
yi<‘l<ls a croj) of about 12 to 15 inaunds of wJu^at and 5 to 0 maunds of cotton in a 
rotation of wheat follow<M| bv cottmi. 


6. The Mechanical Analyses. 

'^ra.bh' 1 gives tlu^ r{‘sidts (d the ima.-lia ideal analyses (d l‘>0 ,surlae«‘ soils and .51 
sul> soil sani[)les repn'smiting most (d' the districts of the l^injal*. r(‘snlts 

a.re re]»r<*s<uLted on diagrams 2 7 which are drawn in ac.cordiUiee w ith Wilsdoii's 

modilieation of the American system* A glance at diagram 2 shows that 
most of the, Ihmja b soils (‘.vamined fall w ithin tin' ai'ea. represejiti'd l)\ sajid}’ loams 
and mc'dium loams, although a lair proportion are iday loams. Tliere wrr very lew 
samples represiuiting clay, saJid and silt soils. Thus tin* majority of t.fie Punjab 
soils tend to Fall int-o groups (described by I bill as Jight loams and Jn'avy loams), 
wliieJi, so far as tin* ineeliaideal coJiipositioii is ('onccriu'd. are ideally good 
soils for cultivation, being good loams, suJliciently rttentive. uF moisture and iiot 
dilJimdt to work, and wducli should produ(*<* any type of croj) ]>rovi(h'd jiroper manure 
is given. The general iuelinatfoji of the Punjab soils is towards liglit sandy soils 
(me<lium soils) ratlnu* tliaji clays, and as such they arc one. of the best, types from 
the points of vh'W' of soil aeration, cultivation, and other factors so necessary for 


' Whittles, L. A note on tho cla^siti cation of on the l»asls of mechanical analysis. Jonrn. 
Science^ Vol. XII IM. 2. 

’ Wilsdun, I’. II. The mod and ohjects of a ^ioi^ .'^ul•vcy in the l‘unjal) .p/rn-. Jour. India, 
Vol XlV, Pt. II, 1919. 
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fciuccessful fainiiug. Most of tho soils have a elay content lying l)etween 10 per 
cent, and 20 per cent, although quite a large number are known with a clay 
content much less than this — in some cases as low as 2-^ \)vr cent, ajid sand as high 
as 70 — 80 per cent. It might appear that these latter soils are unlit for profitable 
farming, but as already mentioned the mechaniciil texture of a soil must also be 
considered in terms of rainfall, water supply, organic matter present, and other 
factors. A soil of a certain mechanical tcxtuie behaving as a loose san<ly soil in 
a district with deficient rainfall (say in Multan or MuzalYargarh) may beha,v(‘ as a 
loam in a district with a medium rainfall, and as a. heavy loam in a district witli a, 
heavy rainfall (c.g., Kangra). Soil No. I from Kangra, for instance, is a sandy 
soil and Nos. 3 and 4 clay soils, but all of them are very good tea garden soils. A 
reference to the map showing the rainfall of tlic Province will demonstrate that 
most of these soils are (juite> suitabh^ for profitable (udtivation in districts such 
as Ambala, Hoshiarpur, Jullundur, Gurdaspur, Kangra and Simla. With [)lenty 
of organic material availabb*, these sandy loams can readily lx* made*, to produce 
very ])rofitable crops. ^ 

At the two extreme ends of the scale we hav(‘ .sam[)les Nos. 1 and 225. Tlic lirst 
one is a sample of a sandy soil from Kangra containing f>nly b per cent, of clay and 
14 per cent, of silt, while tln^second ojie represents the luaiviest soil so far net with 
containing 70 pec c(‘nt. clay. These two sa.m])les demonstrate the effect of sand 
and clay on soils when these are }m‘sent in abnormally Idgh (juantiti(‘s. While 
it is possible, by suitable m(*ans, to raise crops from sandy soils, it is hojadess to 
expect any v('ry good results from soils containing 50 p(‘r cent, or more of clay. 
Soil No. I grows a v(‘ry good cn^p of t(‘a, while, soils Nos. 221 and 225 are unsuita- 
able for growing even grass ; nothing but sparsely scattered, dry j)arcli('d shrubs 
grow upon these. 

7. The Chemical Analysis. 

1. Nifro^/rit. 

Before att<'inptiiig to discuss the nitrogen figures j)res<*Jitec| in Tables 1 and IV, 
it may b(‘ pointed out that expcriimuits have becji in jvrogress both iu the licid 
ami in the Laboratory at Lyallpur to lind out the amount of nitrogtui li.xcd in the 
soil and the factors that are rcs|)onsil)Ic [or the fixation. The results obtained 
hav(‘ already betm j)ublislied -, ■*, Jiml from them it will be s<‘(‘n that soils iti 


^ nandiT, I*. K,; VVilsdoii, It H.; vV. M. .V study of the* f'a.«’tf)rs tipcrutivc* in llu* \alin* of 

j'rcoii inaiiuic. AyrI. Hm. iiislihifc, Hull. 140, 1923. 

- Lander, 1*. K, The Experinientiil Snllagc Farm, Lyallpur, Bull. Xo. LiT, Ayri. 
rusa, 

^ Lander, 1*. E, Report on the operations of the Dept, of Agriculture, Ihiiijah, for the year endii»g 
3Uth June 1023, Dart T, pp. XX. 

’ Lander, P. E., and Barkat Ali. Nitrogen li.xutioii iu the Puiijah. J/r//c/(V.s fif t/m Ih jif, nf .\yt { , 
PusUf I mint f had, Hrrics Vol. 11, No, J, 1!I25. 

^ Wiladoii, 13. 11., and Barkat Ali. Nitrogen tixaiiuii iu the Ihuijah. iSoil &:icna', Vol. XIV, 1022, 
No. 2. 
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the Punjab are capable of fixing nitrogen very rapidly and to as liigh an extent 
as 75 per cent, or in certain cases even 100 to 200 per cent., although losses to 
the extent of 26 to 40 per cent, due to denitrification have also been found. 
The largest and most frequent losses have been found to take place in the month 
of August, and this is confirn\pd by the results given in the report on the 
sullage farm at Lyallpur. From the curve presented in this report, it will be seen 
that in the month of August there is a loss of nitrogen to the extent of 600 lb. per 
acre. At Rothamsted samples of soil were taken every two hours for the 
estimation of nitrogen and it was found that something approximating 80 lb. of 
nitrogen was fixed in a single day but subsequently lost in the evening. It 
would appear therefore that the time of taking samples of soil for analysis will 
very greatly influence the amount of nitrogen found and in discussing nitrogen 
figures it is important to keep these fluctuations in mind. 

From the data presented in Table TV, it will be clear that the nitrogen content 
of the Punjab soils, with very few exceptions, falls within the limits of 0*025 per 
cent, and 0*100 per cent, although most of the soils presented have a figure higher 
than 0 04, the average of 166 samples being 0*06 per cent. Figures as low as 0*01 
(No. 115) and as high as 0*16 (No. 133) may also be noticed. The nitrogen content 
of the sub soils Ls slightly lower, the average figure being 0*05 per cent. A refer- 
ence to the literature on the soils of the Hancock County of the U. S. A. and of 
Kent and Sussex in England will show that the nitrogen content varies 
from 0*15 to 0*45 in the soils of Kent and Sussex and from 0*10 to 0*25 in the soils 
of the Hancock County. This means that the Punjab soils are 50 to 200 per cent, 
poorer in nitrogen than those of the above-mentioned countries, although most of 
the soils of the southern states of the United States of America fall within the same 
range of nitrogen content as do the Punjab soils. 

2. Organic Matter (Loss on ignition). 

The Punjab soils taken as a whole are deficient in organic matter. The average 
of 1*20 samites works out to 3*75 per cent., while figures as high as 10 per cent, or 
(iviui more arc given by certain soils, mz., from Attock. Most of the Punjab soils 
contain 2 to 4 per cent, of organic matter. Similar figures for soils from Kent, 
Sussex and North Wales^ lie between 2*62 to 14*21 per cent., while for American 
soils they lie between 2*6 to 9*27 X)er cent.* The red river valley (America) soil 
contains ]io less than 26*3 per cent, organic matter. 

In Table IV the ratios of the nitrogen content to the loss on ignition of the 
majority of soils in the Punjab are given. It will be observed that with very few 

^ Smith, K. S. Hancock County Soils. 8oil Kepori No. 27. Agricultural Experimental Station , 
Illinois University. 

- Uusscl, E. J. Modern applications of Chemistry to crop production^ 1022. 

“Robinson, G. W., and Hill, 0. F. Further studies on the soils of North Wales. Jourml Agricul- 
tural Science* Volume IX, 1910. 

* Hobinson, G. W. Variations in the Chomioal composition of Soils. U 8. A, Deptt, Agri, liuU, 

1017. 
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Showing, lime centent of soils from different districts of the Punjab. 
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exceptions (which may partly be due to errors introduced in certain cases in the 
determination of this figure), the ratio falls between 0*01 and 0*02, i.e., nitrogen 
constitutes from. 1 to 2 per cent, of the loss which occurs on ignition of the Punjab 
soils. 

3. Linie. 

The manifold functions of lime in the soil render the question of the lime content 
very important. It not only keeps the soil in a flocculant condition and helps in 
the decay and nitrification of organic matter, but also preserves the soil flora 
against fungoid diseases and exercises considerable influence in the selection of 
manures. Diagram VIII represents graphically the quantity of lime present in some 
of the districts of the Punjab. It is based upon the limited number of soil samples 
so far examined which in some cases are far from sufficient to justify one in strik- 
ing an average, while in others though the number is not very small — the soils have 
been taken from but a limited number of localities in the district and hence are 
not representative of the whole tract. They are, how’cver, re])resented in the dia- 
gram as indicating a possible method of classification or interpretation, but the 
diagram will undoubtedly require considerable modification as more data accu- 
mulate. The black circle indicates the amount of lime present in soil from a parti- 
cular district in terms of relative average percentages. It will be seen that with 
the exception of Ferozepiur there apj)ears to be a tendency for the lime content 
to increase progressively from the Himalayas to the south-west. One may note 
here that Barnes and Barkat Ali^ observed that the ferrous iron held in solu- 
tion in the sub-soil water progressively imTeased from the surface downwards, 
and also with the distance from the Himalayas. It is apparent from the diagram 
that the curve of increasing lime content follows the course taken by the rivers in 
the Punjab, the soils in the north- v/est dry area being much richer in lime than 
the soils in the trans-Gangetic plain or even in the sub-montane tract. The soils 
from th(i hilly tracts of the Kangra district show^ but a very small percentage of lime, 
and it would be interesting to note if the soils from other hill districts show corre- 
sponding features. At present the only other soils from hilly tracts examined are 
those from Attock, but these, as we have already pointed out, are quite abnormal.^ 

It may be argued that the soils situated in the north-east of the Punjab are 
deficient in lime. This, however, is an assumption which needs qualification for 
the following reasons : — 

1. The samples examined were all taken from plots which represent good 
fertile portions of the tract and were giving good yields of crop, 
which compared favoiirably with those raised in earlier years. 

^ Bames and Barkat Ali. Chalybeate waters from tube wells in the Punjab ; their significance to 
the municipal Engineer and to manufacturer. Agricultural Jour, of India, Vol. XII, 1919. 

2 We have also examined some soils from Srinagar-Kashmir, (analysis not given), but Srinagar 
being situated on a plateau of high altitude, and the locality from which these were taken situated at 
the foot of a small hill called Mahadev, docs not show the characteristics of hill soils. The 
analyses of these soils therefore, is not com|3arable with those of the Kangra soils. We hope to 
take up the study of the hill soils separately. 

D 
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2. The addition of lime to such soils has not resulted in any increase in the 
crop yield. 

Such soils do not at present show any indication of lime deficiency but it is pos- 
sible that the quantity of lime present therein may be exhausted much sooner than 
from soils in regions of high lime content and hence carefully controlled observa- 
tions are necessary as time goes on. 

Investigations are in progress at the present time in the Ly allpur Laboratories 
to study the relationship between the mineral constituents of the soil and the nu- 
tritive value of crops raised therefrom. This work when completed should give 
some insight into the connection between the lime content of soils and the yield of 
various crops. As has been found, a great deal of lime is removed by crops from the 
soil, more especially by fodder crops such as, Lucerne and Alfalfa, and the ques- 
tion of confining these crops to particular areas or of liming soils on which these 
are grown suggests itself for careful consideration. At present the soil with the 
lowest lime content may still be sufficiently rich in this mineral to produce satis- 
factory crops, but futiure depletions of the soil with consequent deterioration of 
crops from the point of view of calcium content and general mineral balance de- 
serves careful watch and attention. 

It might appear from such information as is at present available that there is 
some definite relative proportion of the mineral elements necessary for the diffei- 
ont soils of the Province, under which conditions the soil functions as a “ Normal 
Soil ** for the locality, but if this balance of plant food in the soil is disturbed by 
removal or addition of food ingredients then it may behave cabnormally. 

The data at present available, however, render it necessary to present such an 
opinion with some reserve and a much closer and more detailed study of these 
soils is essential in order that one may be in a position to diagnose their present 
condition and take due steps for the upkeep of their fertility. The picdjure which 
we haw. endeavourd to draw shows that the question of the lime content is ))ut 
one of the many future lines of investigation. 

4, Lime and Magnesia. 

The two metals calcium and magnesium are very closely associated in nature 
and in conjunction with carbon dioxide they constitute the limestone beds of the 
world. Magnesium is an indispensable plant food and so is lime. Both are found 
in the seed of the plant, magnesium even more so than calcium. 

Kearney and Cameron in America have shown that salts of magnesium pos- 
sess, even in solution of great dilution, a toxic affect upon the roots of the plants , 
which is considerably diminished if calcium salts be also present at the same time. 
Loew has, ^ at the same time, indicated that a compilative excess of magnesium 
over calcium in the case of certain soils results in ste^ity.^ Thus we see that 


1 Hall, A. D, The Soil. John Homy, Albemere Street London, W., 1921. 
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Showing, lime; Magnesia ratio in soils from different districts of the Punjab. 
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great importance attaches in soil chemistry to the lime : magnesium ratio. Gila 
and Ageton (Jour, Indust, and Eng, Chem, 1913), have found that certain fertile 
soils have a ratio as big as 500 : 1. However, in the case of most of the soils the 
ratio varies between 1 : 1 and 7:1. 

The quantity of magnesia in the Punjab soils does not vary so greatly as does 
that of lime. Magnesia is found to an extent of 0*5 per cent, to 3*0 per cent, in the 
soils we have examined, but most of the figures fall between 1 and 2 per cent. The 
average figures for the lime-magnesia ratio of the soils tabulated in Tables 1 and 
V are depicted in diagram 9, from which it will be clear that the lime-magnesia 
ratio, with the exception noted above, follows with considerable uniformity the 
same order as does the lime. For most of the Punjab soils we have examined the 
ratio varies between 1 : 1 and 6:1. We are not yet in possession of sufficient 
data to enable us to see if any correlation exists between the lime-magnesia ratio 
and the productiveness of the soils. 

5. Potash, 

Generally speaking the Punjab soils are not deficient in potash. The average 
quantities found for 150 samples examined is 0*72 per cent., while the sub-soils 
show an average figure' of 0*66 per cent. These figures as well as those for the 
potash : clay ratio are giviui in Table VI. From 116 samples for which these ratios 
are given, a very large number have values of more than 0*35, while only 23 have, 
a ratio of less than 0 35. Thus for most of the Punjab soils potash constitutes 
2^th to i\,th of the (day fraction. The 23 soils referred to above should improv(i 
with a dressing of potassic fertiliser, as most of these are heavy soils. 

6. Phosphor ic acid. 

The largest amount of phosphoric acid found by Hall and Russell in their survey 
of the soils of Kent and Sussex was from 0*2 per cent, to 0*25 per cent.^ Bennet^ 
in his study of the soils of the southern states of America found that the maxi- 
mum content of phosphoric acid in any soils was 0*67 per cent. Most of his soils, 
however, contain less than 0*05 per cent. Robinson® gives 0 09 as the average 
P2O5 content of 35 American surface soils. The highest phosphoric acid content 
that we have come across in any of the Punjab soils was met with in one sample 
from Delira Ghazi Khan, viz,^ No. 233, with 1*36 per cent, and in another Irom 
Shahpur No. 187 which contained ]’60 per cent, these figures, however, are very 
abnorn al. Otherwise most of the Punjab soils have a P2O5 content lying between 
0*1 to 0*3 per cent., th('. average of 154 samples working out to 0*18 per cent. 
The average P2O5 content for the subsoils works out al 0*16 pei cent. 
(Table V II.) 

^ Hall, A. D.; and Russell, E. J. Soil Surveys and Soil analysis. Jour, of Agri, Set,, Vol. IV, pp. 
182-224. 

^ Bennet, H. H. The Soils and Agriculture of the Southern States. 1921. 

^ Robinson. Loc, cit, 

d2 
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7. Iron and Aluminium, 

iron and Aluminium have been estimated separately in 71 surface soils and 50 
subsoil samples (Table Vlll). Most of the surface soils have an iron content lying 
l)etween 5 p(ir cent, and 5 per cent., while the average for 71 samples is 4’ 11 per cent, 
although figures as low as 1*28 per cent, and as high as 5*99 per cent, are also known. 
Similarly for aluminium most of the figures lie between 4 per cent, and 7 per cent, 
the averag(‘ being 5*37 per cent, with a lowest figure of 2*18 per cent, and a 
highest of 10*19 per cent. The average of the iron aluminium ratio is 0*71, 
while the lowest ratio met with was found in the Shahpur soils, viz.^ 0*59 
and the highest in those from Amballa, 1*29. The surface soils from llissar, 
Karnal, Ferozepur, Sheikhupura and Multan have an iron aluminium ratio about 
equal to the average figure found. There is a remarkable feature about this 
ratio. As one. moves from the south northwards along the sub-mountain tract, 
a steady decrease in this ratio is found as shown by the following figures : — 


Ambaila ............. 1*29 

(lurdaspur *98 

Jlawalpinfli. ............ *75 

Altock . ‘07 


and until a considerably larger number of figures is available for tlu'se tracts, it 
is very difficult to say whether any particular significance attaclu's to them. In 
the subsoils we find that the figures show a greater uniformity and also are higher 
than in the surfa(;e soils. Most of the samples have an iron content between 3 
per cent, and fi per cent, and an aluminium content between 4 per cent, and 9 per 
cent., the higlu'st figures being of the same order as for the surface soils. 

8 . Aluminium-Clay ratio. 

Table VI gives the figures for the aluminium-clay ratio. Out of 103 samples 
presented, the majority, viz., 67 have a ratio lying between 0*3 and 0*5 ; 23 have 
figures less than 0*3, and 13 more than 0*5. Thus for the majority of these soils, 
alumina constitute*, one-third to one-half of the clay fraction. The soils from the 
south of Kngland have figures for alumina which are, generally speaking, one-third 
of the clay fraction^. 

9 Silica : Alumina : Bases, 

Ganssen makes the generalisation that the ratio SiO^ : ALO 3 : Bases (CaO, 
MgO, KoO, MaoO) is 3 : 1 : 1 , in fertile soils and 3 : 1 : less than 1 in infertile soils. 
In the English fertile soils the ratio : bases is 1 : 1 . while in infertile soils it 
is 1 : less than 1 .^ 

We do not possess figures for the amount of alumina and the above bases in the 
clay fracjioiis of the Punjab soils comparable with the above. However, these 


^ Russell, H. H. Soil oondition and plant growth. 
Russell, E. J. Loc, oil. 
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ratios for the soil as a whole are given in Table VIII, and, taking the mean averages 
for different districts we get the following figures : — 


— 

Rt'sidiio 

Al,(), 

liases 

AU()3 

Surface Soil 

Subsoil 

AmbalJa 



:}0*24 

-9 

30-24 : 1 

•9 




Gurclaspur . 



21-80 

-7 

23-38 : 1 

•7 

20-20 

1 

*53 

Rawalpindi . 



14*01 

2*7 

11-77 : 1 

2-3 

16-57 

1 

.3*19 . 

Hissar 



15-Gl 

•7 

15*70 : 1 

*56 

12*76 

1 

*71 

Kama! 



li)*8ii 

•53 

17-57 : 1 

*58 

13*55 

1 

*5 

Ferozepur . 



13-06 

1-4 

13-61 : 1 

1-4 

12-4J : 

1 

1-5 

^tontgomery 



16-41 

1-4 

16*87 : 1 

1*45 

15*49 : 

1 

1*4 

Lyallpur 



17-45 

! 10 

18*76 : 1 

•95 

17*14 : 

1 

1*1 

Shah pur 



11-63 

1-05 

11*30 : 1 

•94 

11*55 ; 

1 

l*17j 


It will be seen from the above that this ratio, alumina, to bases is 1 , or more than 
I for tfi(‘ districts incIudiMl in tlu‘ north-west dry area. FeToz(‘pur, which has 
rnos'^ of its tract lying on tlu' south-east boundary of this area and has many eli- 
ruatic and physical features in common with this, has got as high a ratio as Montgo- 
mery. This means that mor(‘ inorganic plant food is available in soils from the 
dry area of the runjab than in soils from the southern and sub-montamd tracts 
of tlie Province. Perhaps more heavy rainfall and more intiuisive cultivation fol- 
lowed in thes<i latter districts is r<\sponsible for the mom rapid^ depletion of ])lant 
food. 

TiOoking at Tabh' IX we find there is invariably more st)liibl(i matter present 
in the subsoil than in the surface soils. Oenerally speaking, the bases, calcium, 
inagiK'sium, sodium and potassium are also pr<‘S(‘nt in greater quantity in the sub 
soils. 

8. Some Important crops of the Province. 

1. Wheat, 

Wheat is grown throughout the Province and on all types of land. It possess- 
es (considerable pow(‘r of adaptation and is less localised than, for example, potatoes, 
ric(‘. and fruits. It giumrally does best on medium loams. Typical cxamphcs of 
wlicat soils are given in Table X. These include almost all types of loam, sandy, 
iTK'dium silt and clay soils. 


^ The figures for Rawalpindi are abnormal owing to high amount of raieium present. 
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2. Cotton, 

Cotton does quite well on nil soils suitable for wheat except that it (more parti- 
cularly American (cotton) requires a (comparatively riclier soil with a greater and 
more certain supj)ly of wa-t(cr. It is less hardy as c*()m})ared with wheat. Tlu'. 
analyses of typical (“otton soils of the Province are represented in Tabhc XI. 

.‘h Siujarcone. 

The analys(‘s of t.hos(‘ soils of the Province whicrh have yuoved suitable for 
siigancane are given in Table XU. It will lx* seen that sugarcane requires a some- 
what heavi<T soil than wheat or (cotton. It has also been obst'rved that a moder- 
ate p(crcentage of gravel in a soil does not (b^tract from its value for cane produc- 
tion. (Jane is the ojily crop which has shown any indication of a “ possibly ” suc- 
cessful yield in th(‘ abnormal ham soils ol tluc Montgomery district. 

Soils 16 and 19i]i the same Tabhc are s(miewhat too light for the best produc- 
tion of sugarcane, but as tlucy luqiyxui to lie in the sub iiumtaneous tracts they 
rec(‘ive a fairly heavy rainfall whicli (couut(‘ra( ts to sonu* (l(‘grt‘c the lightiK'SS of 
the soils aud remders them moderately suitabh' for can(‘. This (‘X])lanatiou, how- 
ever, does not hold good for soil No. 1(K^ from llissar. This soil, though a sandy 
loam, hasth(‘ whole of its sand y)r<‘sent as line sand, which conf(‘rs on it y)roy)erti(‘S 
similar to those of silt soils. 

4. Rice, 

Some typical rice soils of the Province arc shown in Tabh‘ XIII. It will be seen 
that rice grows su(;c(‘ssfully only in heavy soils. 

Prom the table it will lx* clear that all the samydes analysed contain (‘ither a, 
fairly high percentagi^ of clay or th<*y are rich in silt and lim* silt ingrtMlients which 
tend to mak(* a soil heavy. All th(*se soils urc vioy rich in iron and aluminium 
as com|)arcd with tin* wh(‘at, tin* cotton, and 1he sugarcam^ soils. 

The soils suitabhc for diifenmt crops an* re[)r(‘scnted in Diagrams M b, ac( ord- 
ing to their mecdiaiiical analysis. * 


9. Subsoils. 

The analyses of about oO samyjh‘s of subsoils are pn'scuitt d in this ympcT. Th(* 
surfact* soil includes the soil layrr sampled down to a depth of one foot and tlu* 
subsoil r(*[in*sents the lay(*rs lying below this as far as th(‘ third foot. The results 
of analyst\s of these subsoils, together with those of tluc corr(*s|)onding surface* 
Moils, are given in Table I (//). The mechanical composition of most of these sub- 
soils and surface soils is repre.sented graphically in Diagram 7. It is ch'ar from 
the diagram, that with two or three exceptions, the subsoil altliough it lias a dis- 
tinct teinlency to be heavi(*r than the surface* soil — is not v^ idely sey)arated on the 
scale from the* surface se)il ; as a matter of tact in the large majority of cases, the 
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soil and the corresponding subsoil fall in one and the same compartment on the 
graph ; tiius showing that they belong to the same soil type.^ 

From a consideration of the relative ligures for the more important chemical 
constituents (Table la), we lind that there is no appreciable difference in the amount 
of potash and phosphates present in the surface soil and subsoil below. Calcium, 
on the other hand, is in some cases present in gi'eater amount in the surface soils 
and in some cases iii the subsoils. The differences in the amount of nitrogen and 
organic matter, althougii not very wide, point to some striking conclusions. As 
a general rule, in the majority of cases, the amount of nitrogen is greater in tlie 
surfacti soil than in the subsoil, while, on the other hand, the organic matter is 
less in the surface soil. The greater amount of nitrogen in the surface soils may 
be due to the greater acitivity of the nitrogen fixing organisms in the upper 
layers. However, more extensive examination of the soils is neciessary before any 
generalisation is possible. 

Such small differences referred to above, however, do not cause any stuioiis inodi- 
lication in the character of the subsoil. It may be safely assert(‘d that, as a general 
rule, throughout the ruujab the subsoil does not differ very materially from the 
surface soil either in its chemical or mechanical composition, and owing to this 
uniformity tin*, propei-ties of the surface soil instead of b<*ing in any way modilied 
are merely iutensili(‘d. 


10, The Barren lands of the Province. 

(a) Alkali Soils. 

Altlioiigli much of the barren land of the Ihuijab owes its ju)n-lei1,ility to its 
ex(‘t‘ssively sandy nature, as in various parts of the Thai, or in sonu? of the baram 
tracts of the Central ihinjab, yet takeji on the whole tlieir sterility is causeii by 
the presence of excessive (juantities of alkali salts. 

Most of these kdllar lands contain only wiiite alkali sucli as chlorides and sul- 
phates of sodium, but the. occurrence of black alkali is not iiiicominon. No 
records are available from which wc may accurately eomjmte the exact amount of 
knUar land in the Frovince, but rough estimates show that smething like 
scjuare miles ot kallar exist throughout the Funjab.**^ VVitli the inereasing develoj)- 
meat of the Funjab (;anal sy stem, the probl(‘ins eonn<*etcd with kullar ajid water- 
logging are yearly increasing and bccomijig more aecute. Cenerally speaking, 
tliest* alkali salts ar<* present in harmful tlegret* oidy in tlie lirst few indies ol the 
surface soils, but sometimes th<* subsoil layers art; also found to be impregnatt‘d with 
salt, in,- which case problems of reclamatioji laMouie iiiereasingly dillieult. The 
analyses of the water extracts of the alkali soils from various parts of the Frovinet* 

‘ Wllsdon, I3. Jl. I.or, rit. 

Meliia, M. 1... Occunt nee of Saline lands in the Punjab. Frocttding.s of the 4th annual (jathering 
of the (Hd Buyn Association of the Bunjub Agricultural Colhyt, LyaHpurt lodia, FJ24. 
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are given in Table XIV and when a total water soluble figure above 0*8 per cent, 
is found it may be assumed that we are dealing with a hollar soil. 

The chief sources of origin of alkalis in the Punjab are attributable to 

1. Movement of subsoil water currents from high water levels to lower on(‘s 
and the accumulation of salt on account of the eva])oration of water 
from the land to which it has drained. 

‘2. Contamination from salt mines. 

.‘k Seepage from canals, the result of which is waterlogging and as a result, 
of free evaporation an accumulation of salt on th(^ surface. 

4. The (jonstructions of canals. Sometimes the surfa(*.e drainage of the 

country is disturbed owing to this cause, the result being an accumu- 
lation of salt in the soil. 

5. The formation of vast sheets of stagnant water or huge lakes. 

0. Bad aeration and drainage. 

The last, according to Howard, results in the production of hydrogen sul- 
phich^ and metalli(i sulphides through the agency of anerol>ic bacteria. These pro- 
ducts, upon cultivation, i.c., improvement in aeration and draijiage, are ()xi(lis(‘(l to 
harmful alkali salts which rise to the surface. 

Th(i only nujthods which have so far bt‘en tried with any degree of success in 
order to r(H*laim alkali lands are, lirstly the scraping of salts from the surface and 
secondly the construction of mole drains and subserpient flooding to wash the sail- 
to lower subsoil strata. At the present time the <‘ff(‘c.t of calcium in destroying th(‘ 
“ Soda Complex, ’’ i.e,, sodium silicates which renders the land hard and im])eTmeable 
to wat(‘r, is being studi<*d, but tlu* work is still in an experimental stag(‘. 


(6) Baha. 

Bora soil is an alkali soil which pr(\sents certain very peculiar and distinguish- 
ing featur(*s. It is extremely arid, dense in texture, and most intractable. It is 
highly charged with salts and usually cracks into hexagonal shaped clods which 
on drying form a thin and pecidiar crust whicli can be ])echHl off. AVater, when 
ap|)lied to th<^ surfact' of Bora soil, hardly p<*rcolates at all, but merely evaporates, 
leaving a surface of extraordinary hardness which produces a metallic sound when 
a horse rides over it and exhibits very clearly the. idienomena of mirage when seen 
from a distance. The surface layer (popri) usually contains as much as 80 ])er cent, 
clay (Table below), and is very impervious to water. 

Mechanical ariah/sis of Papri 


Fine jjravel 
C’oarae sand 
Fine sand . 
Silt . 

I'ine silt 
(lay . ’ 


. nil. 

. ml, 

. 7nl. 

. 3*28 per cent. 

. 13 00 per cent. 

. 78*40 per cent. 
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This material, although (containing such a high percentage of clay is not at all 
sticky when wet, and if kept under water for an hour or so, does not pass into sus- 
pension ; on the other hand, it is possible to separate this clay into layers of several 
line leaves. If this yjajrjr?’ is treated with water and kept for a couple of days it 
develops a very offensive smell, but not so in the pr<‘.senc(‘ of merccury chloricb*. 
Shells of various siz(‘s and description have been found in tlu' bam soils from which 
fa(;t it may be concluded that the soil was most prol)a.i)lY deposited under water, 
the water gradually evaporating and leaving behind d(‘])osits of soluble salt. An 
analysis of typical bam and normal lands in the Montgomery <listrici is given in 
Tables XV and XVT. 


(c) Bart. 

'riiis is a lighter typ(‘ of ham. 

It has been estimated tliat in the Montgomery Cohmy alone tluTe exists some- 
thing like 3 lakhs of acres of bam and bari types of land, and on enquiry it was 
found that ajiother Idd.ISd junss of similar land art‘ found in the adjoining 
districts. 

The probhun of the r(‘clamatlon of httra has jnesented many difficultit^s. An 
exjKuinu'ntal station nvar Jlarra])])a. Hoad Railway station (N. W. R.) was started 
SOUK' 9 years ago for the study and investigation of tlu^ most (economical nudhods 
of reclaiming these lands. An t*conomic medhod of ncclaiming ham land has md 
yet ])ccn found, but work is still progressing and so far the aj)|)lication of gypsum 
followed ]»y flooding and the plajiting of tr<M‘s liave given the lu'st results.^ There 
is no doubt that tin' hnid (‘an be n'clainuvl |)rovid(Hl sidlicimt tinu* and inoiiev 
a,r(‘ forthcoming. 

It has bc(*u noticed tliat bam land shows a tembmey to ])ass into ordinary kallar 
both with and without any tr(*atmt*nt with water. One scpiare of land on the 
ex[)<*rimental farm was under flooding experiments in 1925, when it was k(3j)t under 
() inches of water’ for about 3 months. In 1925 only a [)art of this land was under 
water, the re*st was ertlier’ sown with chari and taoth or kept fallow. All that por- 
tion, not actually under wat(‘r, devedopeid ka/lnr on its surface, scrapijigs from 
which on analysis ga\’e‘ the* following figures : — 

per cent. 


Total saline matter . . . . . . . . . . . 8*15 

Carbonates ............ 002 

EicarboriatOB ............ 00.*} 

( liloridcs ............ 2*2U 

Sulpliaics ............ /)*27 


Thi.j shows that the* land has dcvclo[)(*d a very bad ty})c of white alkali. 


• Nasir, S. M. Som<* (Observations on the Barren Soils of Lowen* Bari Doab Colony in the Punjab. 
Agri, Research luaHuae^ Pww, Bull, 146, 1923. 
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11. Some Virgin lands. 

In the year 1920, a liielimiiiary reeoiiuaissance of the orowu lauds covered by the 
Sutlej valley project (Nili liar) was uudertaken, mainly with the objetl; of makina 
a ])reliminary study for a more detailed and scientific survey of tliese lands later 
on, sclieiues for which were imder the, consideration of Oovernmeut. 

JJuriuj; the course of this insj.ection, a few samples of soils were taken from 
some of the typical tracts of the Bar and their analyses are givtui in Table XVIJ 
It is not proposed to describe in any detail the effect of development on them or to 
discuss tin; la^st method of handling them wluui first colonised, but the analyses are 
pr.wnted in the hope that they will be useful for future reference. Soil No. 1 was 
taken from an uncultivated held of land commanded by a well (Faqirwala) near 
th<; town of Kabullah. Tin; lands near by bear fairly good crops uudei well irriga- 
tioiL. 

Soil No. 2 was taken from a tract situated on the road between Kabullah and 
Tibi Lai Beg and was covered by a forest of Karil {Cajjperw-ap/iyliu), Van {Saku- 
Dora Oki(kH) and Jand (IW.sopk i^picigvm) trees. It grows a very good crop of 
grass and was being used for grazing cattl.^ 'I’he land is rather hard on the sur- 
I)iit tlit^ sul)soil layers are decided ly sandy. 

Soil No. 11 1 is from a. similar tract on the same road. 

Soil No. IV. This was taken from lands situated in th.> village Sadullahpur 
which lies between Jamlera and Kabullah. The soil is very good and is e.xpected 
to yiehl good crops when brought under cultivatioji. 

.Soil No. 5. This sample was taken from a plot at .lamlera. It is at present 
commanded only by flood water from the river 8utlej. The land was covered by 
a veiy thick lore.st ol .land (/Vo.voyn.v .S'pn u/cru) trees and provided the be.st type 
of soil found. 

Soil No. (i. This is of the .same tyi.e ,is No. .o although not considered to be as 
good. It was taken from laud commanded by the Matewala well, but was neither 
irrigated Jior cultivated. 

Soil No. 7. This was taken from a place named Bisakhiwala from the portion 
of the Nili Bar situated in tlu- Multan district. 

Table No. XVI shows some, analyses of good soils of the Montgomery colony 
before they wt‘re lirst brokmi up for cultivation. 

From the foregoing it is clear tliat a considerable divei'sity of soil types e.\i.sts 
in the lioviiU/C. Taking into lousideiation the variety' of climatic coiKbtions pre- 
vailing in the different jiarts of the Punjab, it seems obvious that a more detaileil 
•study of the soils of the Pr..vinee is a nece,ssity in order to elaborate suc- 
cessfully a more e.xact ,sy.st<-ni of crop and animal husbandry. For this pm pose 
a regular soil survey is ueee.ssary. .V soil survey is essentially an inventory of the 
soils of the State, and corresponds to the work of the geological survey which in- 
vestigates* the mineral resources, such us coal, ii-oii, oil, etc., in order to discover 
uew deposits and determine the extent of those already pre.sent. It is es.sentially 
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important that Government should undertake soil investigations of this kind so 
that the soil, the primary souret* of wealth, may })e utilised to yield to its maximum 
eapaeity, and conserved in good condition to sul)s<‘rve tlu* ne('ds of future geiUTa- 
tions. As agriculturt^ is the chief and the only permanent basis of the wealth of 
the Province, the necessity of comprehensive studies in this field is obvious. 

The work of the Ihireaii of soils of the United States Departnumt of Agriculture 
may be quoted as an exam])l(‘ of activities in this direction.^ More than 1,2120,00() 
sq. miles, or over per cent, of the total area of the United States, has now been 
surveyed, and the surveys are progressing at the rate of about .‘i0,()0() sq. miles 
per yc'ar. The usefulness of the undertaking has been very much increased by 
suj)plementing the general survey in various w\ays, notably with more detailed 
studies of the various soil ty[a‘s, their fertility needs and adaptability to diflierent 
crops. 

As a H'siilt of these exhaustivi' surveys, many experimental stations have been 
established each of wliich is engaged on s])ecific soil problems s])ecially rehitt‘d to 
the area in which the station is situat(‘d. 

‘ Reports of tho third annual meeting of the American Association of Soil Survey VVorkera. Vol8 
I— VI, 1922-20. 




12. Appendix A. 

MliTIIOT) FOU TFIE MECHANICAL ANALYSIS OF SOILS. 

At Ly;illf>ur ji centrifugal method of separating clay has been introduced and 
has been found to giv(^ satisfactory results with considerable economy of time. 

'J'ho TTKitliod followed is the same as that given by Auld and Ker^ with the modi- 
Ihaitioji fchat samples are prepared in a specially constructed shaking machine and 
that clay is separated by spinning out muddy lifjuids in a centrifugal machine spe- 
cially made for this purpose. 


Appendix B. 

The Mechanical analysis of soils. 

1. Water pActraei. 

200 gra!iis of tlie air dried fine (*arth ar(‘ taken u[) in Winchester bottle in 2,000 
v.x, of distilled water. The bottle is shaken after ( very 15 minutes and allowed to 
stand ov(‘riiight. 'riu; muddy li(piid is then lilttTod through a llerkefeld filter pump. 

50 to loo c.c. of tli(‘ wa.t«‘r extra(*t is evapoi'ated to drym^ss in a, platinum dish 
a-tid weighed ; tin* diffoiMuice in w<‘igfit after allowirig for the loss of i-arhon 
di()xid(‘ and wat(‘r giv(‘s the amount of total solids. 

Chlori(h‘s, ea,r})Oiiab(‘s and biearbonates are estimat(Hl by the usual volumetric 
nu'tliods, while sulfdiates are estimated gravemetrically. 

2. Citric acid extract. 

200 grams of air dried soil are placed in a Winchester bottle with two litres of 
I per cent, citric acid. Th(‘ bottle is occasionally shaken and the soil allowed to 
nmiain in contaiit with acid for a w(‘ek, after which the extract is decanted and 
analyst'd. 

5. Hydrochloric acid extract. 

20 grams of air dried fine soil are treated with 60 c.c. of strong hydrochloric 
acid in a c-oiiical llask. Tin* flask is put on the. sand bath and the contents heated 
for 8 hours at such a temjx'rature as to cause occasional ebullition. After this the 
extract is iiltered and made up to 500 c.c.s.; allcpiots of the filtered extract are 
then taken for the estimations. 


^Auld and Ker. Practical Agricultural Chemistry. 
( 62 ) 
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4. Organic nitrogen. 

The Gumiing method, involving the use of one grain of CUSO4 5lio0 with subse- 
quent addition of 10 grams of K.^So,, is in use at Lyallpar. Th(' quantity of soil 
used is 20 grams. 


5. Total nitrogen. 

The nitrate ) are reduced by digesting the soil witli 0 per cent, salievl sulphuric 
acid. 



Table I. 

Analyses of the Punjab Soils. 
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Iron and Aluminium (Fe/).,) AlaOg 10-890 10*750 21*80 22 22 19-55 11-61 14-41 6*910 13*552 


Table I — contd. 

Analyses of the Punjab Soils — contd. 


LANDER, RAMJI NARAIN AND MEHTA MOKAND LAL 


65 



Phosphoric (available) 
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Table I — cmtd. 

Analyses of the Pu7\jah Soils — contd. 
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Table 1 — contd. 

Amdysts of the Punjab Soils — contd. 
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0*053 1 .. 0*059 0*066 0*075 0*043 0*033 *066 







Village Ajjuvvala Village Kharala Khurd Village Jha^g (Ikri). 
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Table I — coritd. 

Analyses of the Punjab Soils — contd. 
LOCALITY I HISSAR 
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Table I — c&yitd. 

Analyses of the Punjab Soils — contd. 

LOCALITY I HISSAR 
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Phosphoric (available) . . . | ’014 
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u-0o4 U'U34 U-048 
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Phosphoric (available) . . . 0*067 0*161 0*028 0*031 
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Magnesia SB MgO . . • 0'7o 1*58 1*46 1*40 1*95 1*77 1*57 1*62 1*71 

Iron and Alnmininm (Fe 20 s) AI 2 O 3 4*72 5*72 3*44 3*64 5*38 5*77 3*89 4*44 4*90 

8*53 8*53 4*68 4*10 7*96 8*76 8*25 6*86 6*88 

Potash (available) ... 
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Table 1 (a). 

The Purdah SciJU. 

Subsoils. 


Soil 

No. 

Nilwgoii 

(Jigauic 

matter 

Lime 

(^aO 

Potash 

K,0 

I’husphatCH 

P. 0, 

Remarks 


Per oent on air dried material 
Gvsdaspbb. 


48 

0059 

3-21 

0-56 

0-52 

‘010 

Soil. 

49 

0-066 

3-83 

0*28 

0-57 

Oil 

Subsoil. 

60 

0 076 

216 

0*84 

0-43 

008 

Soil. 

61 

0043 

2-82 

0-85 

0-53 

0-06 

Subsoil. 

62 

0 033 

1*78 

0-41 

0-48 

016 

Soil. 

63 

0066 

1*87 

0*39 

0-44 

014 

Subsoil. 


Hawalpimdi 


54 

0067 

3-63 

11-44 

0-70 

0-20 

Soil. 

66 

0-086 

4-26 

10-13 

0-69 

0-18 

Subsoil. 

66 

0041 

2-44 

11-20 

0-50 

0-21 

Soil. 

67 

0-048 

2-71 

11-39 

0-61 

0-21 

Subsoil. 

58 

0069 

2-90 

9-07 

0-30 

0-16 

Soil. 

69 

0-046 

4-33 

9-66 

0-46 

0-17 

Subsoil. 


Attock, 


60 

0-063 

6-17 

1-95 

0-77 

0-17 

Soil. 

31 

0-060 

6-31 

1-99 

0-88 

0-19 

Subsoil. 

S3 

0-071 

0-94 

12-81 

0-65 

0-10 

Soil. 

64 

0-066 

9-27 

12-88 

0-46 

0-16 

Subsoil. 

66 

0-037 

5-62 

7-71 

0-42 

0-11 

Soil. . 

67 

* 0-037 

8-20 

8-37 

0-41 

. .0-17 

Subsoil. 

69 

0-093 

6-96 

8-89 

0-20 

0-16 

Soil. 
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Tablk I (a) — contd. 

The Puf^ab /Soil*— contd. 

Subsoils — con^. 


Soil 

Nb. 

Nitrogen 

Organic 

matter 

Lime 

Ca 0 

Potash 

K, 0 

Phosphates 

Remarks 


PoroenA on air dried material 
Attook— eonid. 


70 

0-064 

631 

2-39 

0-62 

0-10 

Subsoil. 

72 

0 047 

6-80 

5-89 

0*52 

0-10 

Soil. 

73 

0 049 

6-64 

4-61 

0-64 

0-09 

Subsoil. 

75 

0 090 

9-66 

9-14 

0-68 

0-37 

Soil. 

76 

0062 

1002 

8-86 

0-72 

0-28 

Subsoil. 

78 

00»0 

8-76 

8-20 

0-63 

0-26 

Soil. 

79 

0067 

10-57 

10-92 

0-49 

0-16 

Subsoil. 

81 

0066 

7*33 

12-18 

0-52 

0-20 

Soil. 

82 

0064 

9-21 

11-31 

0-80 

0-10 

Subsoil. 

84 

0066 

7-61 

13-20 

0-87 

0-12 

Soil. 

86 

0 042 

8-25 

16-60 

0-84 

0-08 

Subsoil . 

87 

0087 

10-31 

6-10 

0-70 

0-04 

Soil. 

88 

0046 

8-67 

6-16 

U-81 

0-04 

Subsoil. 




Hissab. 



97 

0 074 

3-46 

2-02 

0-68 

0-32 

Soil. 

98 

0042 

3-58 

2-36 

0-63 

0-32 

Subsoil. 

99 

0081 

3-43 

2-65 

0-67 

0-24 

Soil. 

100 

0064 

4-67 

2-61 

0-59 

0-23 

Subsoil. 

101 

0063 

3-27 

1-37 

0-74 

0-19 

Soil. 

102 

0048 

4-84 

1-12 

0-77 

0-17 

Subsoil. 

103 

0 038 

2-85 

1-16 

(>•67 

0-22 

Soil. 

104 

0 043 

2-89 

1-31 

0-3S 

0-21 

Subsoil. 
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Table i(a) — contd. 

The Punjab Soils — contd. 

Subsoils- co'ntd 

PI,o8,,l,ntes 

‘ 2 Ur, 


no 

120 

121 

122 

i2:i 

124 




I’’ioK(»zi;ruK. 


12S 

(^•<)7S 

o%S0 

•L71 

U-7S 

(>•21 

Soil. 

120 


(r;>7 

.vr»i 

(1-70 

o-2:3 

Subsoil. 

1 M) 

0 


.rOS 

C-72 

(>-2;{ 

Soil. 

i;3i 


7i;3 


U-7«i 

0-21 

SiibKoil. 


Mon njo.M i^Ki. 
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Table 1(a ) — ameUL 


The Punjab Soils — concld. 
Si'Bsoil.s mncbl. 


Soil 

No. 

NiiroiitMi 

( iri.’iaiiK*. 
ma iUir 

Lime 

CaO 

Potash 

K . O. 

P)ic>»i)hate8 
P, (), 

L’omarks 


P(T ciiit. on air dried material. 

liYAKI.rUU. 


lvS2 

0012 

3 01 

L27 

0-.70 

0-23 

Soil. 

ls:i 

(rol3 

(l-so 

1 .70 

0 (iO 

0*21 

SiihRoil. 

LSI 

0 O20 

1-21 

1 Oi 

o-.».) 

0*22 

Soil. 

1 So 

0027 

0'S7 

l\S7 

0*00 

0-23 

SlibBoil. 




SlIAIIIOU. 



l!»7 

0070 

o-OO 

1-78 

0-SS 

0*1.7 

Soil. 

P.ts 

OOlO 


1 HS 

oim; 

01 1 

Subsoil. 

l!l<) 

OOS.~» 

;>i.. 

1 0.7 

0‘.7.7 

0*17 

Soil. 


ooos 

0 - io 

LSI 

OOO 

0*17 

Sub.soil. 


oori3 

;{ 10 

017 

0 iO 

0L» 

S«)iL 

‘J(»2 

0 osi 

0J2 

1 r.2 

0-31 

012 

Siibsoil. 


o-(U;{ 

101 

1 -22 

Los 

0*23 

Soil. 

lmm 

oosi 

.7-17 

1 -.7.7 

0!>0 

0*21 

SiibHoil. 

lMMI 

OOoo 

1-71 

2SI 

0-00 

0*2.3 

Soil. 

207 

0 Olo 

0-70 

3-20 

o-.so 

o*lO 

Subaoil. 

20S 

0007 

7-00 

3*00 

0*72 

o* 2 r> 

Soil. 

200 

oo<;o 

1 02 

LIS 

LOO 

0*17 

Subsoil. 

1 

210 

0030 

3-30 

L2S 

o-r).7 

OIS 

Soil. 

■JW 

‘rolo 

2-31 

.7-43 

0-.70 

0-21 

Subsoil. 

212 

0071 

o-SO 

7-30 

OO'.J 

0*10 

Soil. 

213 

OOlO 

|•S2 

0-20 

OOO 

0-21 

Subsoil. 
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Table II. 

The Puiyab Soils. 

Soil analy8I‘;8. 

(Water Extract 10 per cent.) 


•Snil 

'I’otal solids 

(Carbonates as 

Bi(‘arbonate.s aa 

('liloridcs as 

Sulphates as 

No. 

Nag (Coj 

Nall Cf>8 

Na Cl 

Nam So 4 


Ter cent, on air dried material 
Ambala. 


10 

01 10 

Nil 

0-084 

0060 

Nil 

11 

0-060 

if 

0-067 

0007 

ff 

12 

0080 

if 

0 084 

0-005 

tf 



Kawalpindi. 



ri4 

oi:u 

Nil 

O-OHl 

0019 

Nil 

65 

0120 

if 

0084 

0-012 

ft 

5« 

0IS8 

if 

0-103 

0-020 

0-073 

57 

0 222 

if 

0-121 

0-034 

0-092 

58 

0-301 

if 

0-239 

0-071 

Nil 

50 

0-078 


0-076 

0-008 

ff 




AnocR. 



GO 

0-5G2 

Nil 

0-235 

0-105 

0-233 

01 

0-516 

it 

0-202 

0-082 

0-202 

62 

0-350 

99 

0-186 

0-106 

0-089 

00 

0-452 

if 

0-185 

0-094 

O-lOl 

64 

0-240 

tf 

0-186 

0-070 

0-074 

66 

0-200 

ff 

0-185 

0-070 

0-074 

6() 

0-210 

if 

0-202 

0-058 

0-076 

07 

0-320 

tf 

0-220 

0-058 

0-107 

68 

. 0-240 

ff 

0-220 

0-068 

0-087 

60 

0-320 

- 

0-220 

0-070 

0*098 
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Table H—contd. 


The Punjnb Soilx — contd. 

Soil, ANALYSIS — contd. 


Soil 

No. 


(Water Extract 10 per cent.) 


Tt)tal solids 

Carbonates as 
Na, O03 

Ib’earbonates ns 
NaH (V>3 

(Jhloriiles us 

Na C\ 


Sulphates us 
Na^, S04 


Ver cent, on air dried niaieiial 


Attock— coni(t» 


70 

0-310 

Nil 

0-186 

0070 

0 072 • 

7) 

0-370 

99 

0-202 

0070 

0073 

72 

0-290 


0-286 

0045 

0-063 

73 

0-260 

ji 

0-269 

0-058 

0 004 

74 

0-320 

99 

0-269 

0-058 

0052 

75 

0-478 

99 

0-2«0 

0-081 

0-064 

76 

0-412 

99 

0-302 

0-081 

0-124 

77 

0-510 

It 

0-252 

0-058 

0-158 

78 

0-284 


0-252 

0-058 

0-064 

79 

0-224 

99 

0-252 

0-058 

0-104 

80 

0-290 


0-269 

0-081 

0-090 

HI 

0-320 

*« 

0-269 

0-046 

0044 

82 

0-400 


0-252 

0070 

0070 

83 

0-240 


0-252 

0047 

0055 

84 

0-280 


0-252 

0-047 

0064 

85 

0-440 

tf 

0-252 

0-070 

0-085 

86 

0-488 

»» 

0-252 

0-055 

0-147 

87 

0-298 

*» 

0-202 

0-046 

0049 

88 

0-377 


0-218 

0-093 

0066 

89 

0-364 

ff 

0-235 

0070 

0061 

90 

0-320 

tt 

0-202 

0-035 

0-048 

91 

0-426 

>» 

• 0-286 

0-082 

0-051 
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Tablb II — oonid. 

The Punjab Soils — contd. 

Soil analysks — mnid. 

(Water Extract 10 per cent.) 


Hoil 

^rotal solids 

(Jarbonates as 

Bicarboiiates os 

(-hlo rides as 

Sulphates as 

No. 

Naj Cog 

Nil II(,V), 

Na (M 

Nag S04 


IVp cont. oil air dried itiateriul 
Hissak. 


97 

or»24 

Nil 

1 0*373 

0*034 

0*003 

98 

0535 

** 

0415 

0*034 

0038 

90 

0*482 


0*380 

0*017 

0*023 

100 

0458 


0-303 ' 

0*015 

0*035 




Kahnal. 



119 

0>(M>9 

Nil 

(»*007 

0*010 

Nil 

120 

0*127 


0*050 

0*(M)5 

0-03S 

121 

0*070 


(»*03l 

0()02 

Ml 

122 

0-07S 

- 

0*031 

0 (M5 


12:1 

0*117 

.. 

(HK50 

0*023 

0*029 

124 

0*093 


0 050 

0*005 

0*000 




Ferozwfor. 



128 

0*303 

Nil 

0-118 

(rooo 

0*044 

129 

0*210 


0 IIS 

0 015 

()0S0 

120 

0*270 


olol 

0*012 

0 014 

i:n 

0*301 


OiOl 

0024 

0*021 




Montoomerv. 



ins 

0-381 

* Nil 

0-235 

0*055 

0 057 

159 

0*317 


0*219 

do«4 

Nil 

100 

0*321 

- 

0*199 

0 055 

- 
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Table 11—condd. 

The Punjab iSoil!*— concld. 

Soil analyses — conrkl. 

(Water Extract 10 per cent.) 


Soil 

Total solids 

Carbonates as 

'Bicarbonates as 

Chlorides as 

Sulphates tus 

No. 

Nag C03 

NaH C03 

NaCl 

Naa So., 


Per cent, on air dried uiatorial 
Monto om ER y — coiUd. 


101 1 

0-270 

A'i7 1 

0-190 

0 041 1 

Nil 

10L> 1 

0*288 

” 1 

o*i8r» 

0*035 1 

ft 



Shahpur (Mona). 



197 

0*073 

Nil 

0*060 

0007 

Nil 

198 

(lOOf) 


0*057 

()()12 


1!)9 

0*174 


0*050 

0*023 

0075 

2(K) 

0*0»»7 


0 050 

0*007 

0*020 

2(11 

0*120 


0070 

0*(d2 

Ml 

202 

(h200 

^9 

0071 

0*01-1 

0*087 

2o;i 

0*111 

If 

0007 

0(07 

Nil 

2(V1 

0*093 


0O(>7 

0*013 

0*008 



Shah Pint (Sakoooha). 



200 

0*109 

Ml 

OOSI 

0*105 

Nil 

2(»7 

0 330 1 


0 2(»(» 

0 05^ 


20s 

0392 

9f 

0 252 

0095 * 


209 

OIOS 

f 9 

0 07(i 

0013 

M 

210 

0*311 

«• 

0*252 

OOUft 


211 

0091 

»» 

0*070 

0*(H17 


212 

0-137 


O'KMl 

i»olr» 

M 

21:1 

0*138 

- 

0*084 

ook; 

9* 
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Table III. 

The Punjab /Sotb< 


MlCCIlANtCAI. ANALYSRS OP LyAI,LP(TR SubSOIL DOWN TO WATER TABLE. 


No. 

1 

JJeHcription 

I'ine 

gravel 

Coarse 

sand 

Fine 
. sand 

Silt 

Fine 

silt 

Chiy 



Per cent, on air dried earth 




1 

lat and 2nd foot of 
soil. 

015 

6-96 

36-21 

IS-lOi 

16-40 

8-58 

2 

3rd and 4tli foot of 
soil. 

0*16 

205 

37-81 

22-76 

16-62 

8-66 

3 

5th and Gth foot of 
soil. 

0-39 

1-52 

43-24 

22-43 

15-45 

7-32 

4 

7 th and 8th foot of 
soil. 

Hil 

202 

47-36 

21*66 

14-05 

6-92 

1 

5 

9th and 10th foot of 
soil. 

001 

2*79 

51-32 

19-04 

11-70 

6-46 

0 

11th and Tith foot 
of soil. 

Nil 

13-93 

77-88 

2-98 

4-00 

Trace 

7 

13th and 14 th foot 
of soil. 


27-91 

64-54 

2-78 

4-00 

M3 

8 

15th and 16th foot 
of soil. 


44-.32 

47-78 

2-93 

4-20 

Trace 

9 

17th and 18th foot 
of soil. 


59-39 

29-14 

4-44 

0-64 

1*35 

10 

19th and 20tii foot 
of soil. 

»> 

28-16 

62-67 

2-58 

4-60 

1-09 

11 

2 1st and 22iid foot 
of soil. 

>» 

42-66 

46-24 

5-43 

4-50 

1-26 

12 

23rd and 24th foot 
of soil. 


63-03 

29-06 

3-70 

0-27 

0-59 

18 

25th and 26th foot 
of soil. 


64-65 

27-03 

3-62 

3-60 

0-58 

14 

27 th and 28tli foot 
of soil. 


62-39 

30-99 

3-03 

3-20 

Nil 

15 

29th and 30th foot 
of ^il. 

9f 

78-16 

17-15 

2-08 

3-40 

\ 

ff 

10 

3 1st and 32nd foot 
of soil. 

»> 

60-05 

29-40 

4-29 

0*44 

Ml 
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Table III— row/rf. 


The Punjab Soih — (loiitd. 


MeOHANIOAJL ANALiaEa Oh' 1j^ ALLEUK BuB8U1L DOWN TO WA'IEK TABLE — ConfM. 
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Tabijb IV. 

The Pmijab Soils. 

Nitrogen anu Organic matter. 


(Percentage on air dried soil.) 


Soil 

No. 


Loss on 
ignition 

Nitrookn 

Soil 

No. 


lx)ss on 
ignition 

XlTROOKX 

Nitrogeo 

J^oss on 

Nitrogen 

Lobs on 




ignition 




ignition 


Kanot?a. 



nuRDASPirR. 


1 

n-05 



17 

0-075 

2-47 

i 

0-030 

o 

01 5 

1 


18 

0-058 

5-02 

0-012 


()*()7n 

-- 


10 

0-033 

2-85 

[ 0-012 

4 

()0.5 

• • 

** 

20 

0-047 

5-11 

0-(K)9 

f. 

on 

.. 


21 

0-032 

2-13 

0-015 

(> 

on 

H-r>4 

(»(M3 

22 

0-048 

3-12 

O'Oir. 

7 

(>•111 1 

2-17 

0-010 

23 

0-045 

1-18 

0-038 





24 

0-040 

2-40 

0-019 





25 

0-040 

2-05 

0-024 


Ambala. 










20 

0-040 

1-08 

0-013 

s 

0-02 

2-00 

O-OlO 

27 

0-048 



0 

0-054 

3-00 

0-018 

28 

0-003 



in 

O-OOl 

3-11 

0-020 

20 

0-05S 

2-4 j 

0-024 

11 

0'030 

2-41 

0-010 

30 

0-052 



12 

0-053 

3-43 

0-015 

31 

0-07S 

3-59 

0-022 

13 

0-039 

2-05 

0-010 

32 

0-075 

3-05 

0-025 

14 

0-041 

2-r.4 1 

0-010 

33 

0-082 

1-57 

0-033 





34 

o-oso 

. . 

. . 


llOSIlIARriTR, 


35 

0-078 

.. 

. . 

15 

0-0,53 

3-24 

0-010 

30 

0-048 



1 

0-055 



37 

0-057 
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Table IV — conid. 


The Punjab Soils — coiitd. 
Nitrogen and Organic matier — rontd. 
(Percentage on air dried st)il.) 


Soil 

No. 


1.08^ OH 

Nitihmjkn 

Soil 

No. 


I^oss oil 
iunilion 

X I’nn M{ KN 

Nilro^on 

on 


IjOhs on 




ignition 




ignition 


(liTRDASprii -confd. 



Att« 

I 

1 



0085 

.. 


m 

0-003 

0-90 

0-013 

.T.) 

U-070 



T2 

0-0-47 

5*80 

0-008 

40 

0050 



75 

0-000 

i)-05 

0-001) 

41 

0 050 



78 

0-000 

8-70 

0-008 

42 

0055 



81 

0-060 

7*31 

0*009 

43 

0-003 



84 

0*050 

7*51 

0-008 • 

44 

0-060 


.. 

87 

0-087 

1()-31 

0-008 

45 

0-002 



00 

0-052 

10*00 

0-(K)5 

40 

0*053 







48 

0-050 

3-21 

0018 



Hissak. 


50 

0-075 

2*10 

0-035 

01 

0-053 

4-40 

0-012 

52 

0*033 

1*7S 

0-010 

02 

0-030 

1*30 

0-0.3d 





03 

0-042 

4*10 

0*010 


Rawalpindi. 










04 

0-063 

0*07 

0*009 

54 

0*007 

3*03 

0-018 

4)5 

0*039 

5*19 

0*008 

5r» 

0-041 

2*44 

0-017 

00 

0-040 

5*15 

0-010 

.58 

0*0.50 

2-00 

0-020 

07 

0-074 

3*40 

0-021 


Attock. 


00 

0-081 

3-43 

0-024 

00 

0-053 

5-17 

0-010 

lOi 

0*003 

3*27 

0-019 

00 

0*071 

0*04 

0-007 

103 

0-038 

2-85 

0*013 

0-037 

5*02 

0-007 

105 

0-048 1 

1 1*79 

0-027 


G 2 
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Table contd. 

Tin: J*iinjnb Soils- -c.ox\t{] . 
\lTK()OK.N AND OkGAMC MA'iTKK- (oU/d. 
(Percoiitag(^ nji air drird soil.) 


*>Mil 

No. 


Loas on 
ignilifm 

N'itkockn 

.Soil 

No. 


Loss on 
ignition 

N’itkook N 

N'ifro^'cii 

J..oaB on 

Nilrogni 

Loss on 




ignition 




ignition 


JhsM.Mi - umhl. 



I^'KKOZILJM'IU 


1‘Hi 

(Mirvl 


0-021! 

120 

<» 101 

(•>•27 

0 00. 

107 

0-0o(» 

1!-0I 

0 020 

127 

ooo;; 

2*0; > 

0-020 

lOH 

0MM1» 

a-so 

o-on 

I2H 

0 07S 

;»'sr. 

O'Oi:; 

ioo 


:!*0.7 

oon 

lao 

0000 

0-1 a 

O’Oll 












102 

O'OlO 

2 -no 

0 OlM> 


Kaicn m . 


laa 

o-iiri 

7-2:; 

O'oaa 

J (0 

0'(»M 

1 -SI* 

( »•! »1’S 










1 /AUUlvI., 


III 

O’ 0.17 


o(>2:i 

KU , 

0 oai 

1'70 

0-007 

11:! 

OOliO 



iar> 

0 (H I 


O-OlO 

li:i 

OUl! 1 







1)1 

O-OTI 






II. • 

0-01 1 



i;o. 

0 oar. 

1*07 

OM>O0 

110 

U(«S0 



107 

(>•012 

0'U2 

0*0(Mi 

117 

Oi»7.| 



las 

0-021 

or.i 

O-0(U 

IIS 

01 11! 



lao 

0 oao 

O-IM. 

o-ooa 

] la 

0 OOl 



1 10 

0-1 *aa 

2*17 

0-0 1.. 

li’l 

V- 070 

a-oi! 

O-O20 

111 

0-028 

0-.7«l 

0-00; > 


O-OSS 

:mi! 

OOL\s 

1 12 

0-077 

1-74 

OOMi 

11!. » 

oo;j‘» 

a 00 

0011 

M.’i 

o (h;.i 

a-!)o 

OOlli 
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Table IV — contd. 


The Punjab Soils— conid. 

Xirj^oaKx AND Organic mattrk- nuitd. 


( IV‘c oiiliig(‘ on air dried soil.') 


iSoil 

iNo. 


r.098 on 
ignition 

Nitrooion 

Soil 

No. 


on 

ignition 

NiriiouEN 

Nitrogen 

Loss on 

Nilrogt'o 

Loss on 




ignition 




ignition 


SiiF.rRnnpirKA — (oni^l. 


iMoNTno.MKiiv- voutd. 

Ml 

n*02:j 

(?)0-10 


153 

0-034 

1*73 

0-020 

I4r» 

n-nio 

:ioi 

0-0 M 

11.5 

0*038 

1*57 

0-021 

140 

0-00.0 

2-4«; 

0*024 

h‘.7 

0*028 

1-08 

0-017 

117 

o(»:n 

0-02 

0*003 

150 

0-040 

2-42 

0-017 

j4S 

0'0'.»7 

2*25 

0043 

171 

(i*03.s 

i-r,s 

0*021 

I4<> 

O'OOO 

2*S5 

0 032 










Lyaom-uk. 





173 

0*041 

1 *82 

0 023 

i:>o 

o-o7:{ 

(.-35 

i>-012 

174 

0-043 



101 

n-07o 

5'(i 1 

(►013 

175 

0038 



ir>2 


4 20 

( » ( (2( » 

170 

0-038 







177 

0-052 




Montoomkry. 










178 

0-047 



ir,i 

(H>24 

2/12 

o*o|o 

170 

0-038 



100 

O-Otl 

2*00 

0014 

180 

(»-020 



150 

O-024 



181 

0-040 



157 

o-o:n 



182 

0-042 

3-04 

0-014 

15S 

0-027 

1-7.S 

0*015 

1«4 

0*020 

1*24 

0*023 

150 

o-ooa 

1 -52 

0-022 





100 

O-054 

2 -ot; 

O-020 


.Shahpur. 


101 

o-o:ri 

1 -22 

0-02S 

180 

1 O-033 

0*57 

0*006 

102 

i 

0-04H 

2-53 

0*010 

ls7 ' 

0 037 

3-13 

0*012’ 
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SOILS OF THE PUNJAB 


Tabijs IV — cmdd. 

The Punjab Soils — contd. 
XlTROGKX AND OrGAMC MATTKR n»ifd. 
(P<‘rGentage on jiir drioci soil.) 


Soil 

No. 


Loss on 
ignition 

NmuxjKN 

Soil 

No. 


Loss on 
ignition 

Nitroukn 

NitiogoJi 

Loss on 
ignition 

Nitrogen 

liOSS Ofi 

ignition 


S H A HP H Jl — CO )iJd, 



Multan. 


188 

0*042 

5*00 

0*008 

210 

0*053 

1 3*07 

0*01 1 

181) 

(H)14 

•• 


217 

0*01)4 

7*05 

•IK IS 

197 

0’07G 

5*00 

0*011 

218 

0*114 



199 

OOHO 

5*4.5 

0*OK> 

219 

0*1*27 

•• 

•• 

201 

0053 

3*40 

0*010 

‘220 

0*131 



203 

0*043 

4*01 

0*011 

221 

0139 



20r) 

0*051 

4*50 

0*011 

228 

•• 

3*88 


m 

0*055 

1*74 

0*012 

229 


3*51 


208 

0*045 

7*00 

0*(H)0 


Muzakfaroahh. 


210 

0*000 

3*39 

0*0 IS 

230 

0*043 



212 

0*040 

5*89 

0*1 K>7 

231 

0*045 

0*83 

0*000 


Jhanh. 



Dlha < 

i^HAZi Khan. 


214 

n-053 

,$•45 

o*ni5 

•23*2 

0020 

5*78 

0'(m 

2IB 

0*047 

.5*4 0 

0*009 

233 

0*040 

3*81 

0011 
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Table V. 

The Punjab Soils. 

Average lime content and lime magnesia ratio for different districts of 

THE Punjab. 


1 )isl rict 



j 

Kaii^ra .......... 

oidi; 

OvidO 

AllllMllii .......... 


O-lll 

Ilusliiarpur ......... 


l*,)0.» 

Ourdaspur .......... 

OI.kI 

0-40S 

llawalpiiuJi ......... 

10 ir» 

<>•22 

Altoclv 

7-SJ 

.3-37 

Hiflhar ... ..... 

1 .07 

l-OdO 

Kama! .......... 

a !Mi> 

070I 

Feru/epur ... . . . . 

(17 

2101 

Lahore ......... j 

llo 

OvSlXi 

Sheikh upiira 

lUS 

105!) 

Oijjrafc .......... 

1 -OOl’ 

O-O.il 

Montgomorv ......... 

1 1 

1-40 

2-:{2 

Lj’^allpur ......... 


:mi 

Shahpiir ......... 


2- Id 

Jhani: .......... 


1-07 

MiilUn ......... 

3-20 

2-3.3 

Muz.affargail» ......... 


2-S2 

Dora (iha/i Khan ........ 


♦ dS 
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Table VI. 

The Punjab Soils, 

Potash: Clay, and Aluminia: Clay Patios. 

(^X) oil Q'ir dried soils.) 


— 

Soil No. j 

Pr)taHU K 0 

Aluminia ^ 

(Jlav 

Pot ash ; Clay 

Aluminia : Clay 

1 

0-714 

SURFACE SOILS. 

Kangka. 

1 0-8 , 

0-123 


2 

0-087 


12*10 

0-057 


3 

0-728 


.33()0 

0*002 


4 

0-08.3 


35-05 

0*019 


5 

0-7 13 


30-21 

0-020 


a 

0-423 


19*i>0 

0-023 


7 

1 0*414 


11*72 

0-035 


8 

0-411 


Amhai.a. 

1*80 

0 085 


51 

0-974 


1900 

0-050 


10 

0*220 

2*50 

0-72 

0-033 

•37 

11 

0-270 

2-1 1 

008 

0-OM 

•40 

12 

0-290 

3*(»7 

0-92 

0-029 

i 

ill 

0*460 

3*57 

7*44 

0-002 

' -48 

H 

0-480 

3*73 

10-50 

0-045 

•35 

15 

0*599 

IIOSIIIA-UPUK. 

1 

0-072 


IG 

0*418 

.. 

1 7-04 

0-0.59 


17 

* 0-088 

O 

UROASIUJR. 

4-00 

0-168 


18 

0*638 

*• 

4-02 

0-1 3S 

•• 
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Table VI — comtd. 

. The Funjah Soils — contfl. 

Porvsii : Of.Ay, and Ali’aiinia : Ci.ay Hatios- (‘(Hihi. 
ini air tlriod soils.) 


Soil No. 

Potash K\() 

Aliiniinia Al .() , 

Cljiy 

Putasli : (;lay 

Aliiminiii : (2;».y 

10 

0-744 

SURI’i 

Oui 

!lC’E SOllnS co7itd 

ID AS PUR — Con//i. 

9-28 

0-080 


20 

0-821 


11-20 

0-074 


21 

0-088 


9-12 

0-075 


22 

0-200 


0-40 

O-057 


2:1 

0-242 


5-92 

0-058 


21 

0-281 


0-40 

0 000 


2rj 

()-4iS 


0-10 

0-070 


20 

0-422 


0-22 

0-007 


27 

0-442 


7-20 

0 OOo 


2S 

0-251 


10-22 

0021 


20 

0 204 


l/>-00 

O-OlO 


20 

0-202 


12-48 

0-022 


21 

0-214 


1 2-90 

0-024 


22 

0-220 


9-28 

o-o2t; 


22 

0-217 


7-20 

0-012 


24 

0-910 





25 

1-250 





20 

1-020 





27 

0-940 




.. • 

28 

1-700 





29 

1-280 





40 

0-880 
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Table VI — contd. 

The Punjab Soils— contd. 

PoTAHji : Oj.av, AM) Aluminfa : Olay Ratios — ro}fhl. 
on air dried soils.) 


Soil No. 


Potash KjO 1 

Aluminia ALU., 

Clay 1 

1 

1 Poiasli : Clay 


Aluminia : ('lay 


SUUKAOK SOlLS-coafW. 

( 1 UllDAS PU M—Conitl, 


41 

()*72() 




42 

(J-S70 




i:i 

O-DIU 




44 

OOOO 




I.) 

1-220 




40 

1-200 

•• 



47 



0-24 


48 

0 520 

4-08 

1 4-80 

0035 

:»o 

O-i^O 

3-47 

0-83 

0003 

52 

0-43" 

3*50 

7-28 

0059 


RAWALPI>il)I. 


54 

0-700 

5-92 

13-92 

0-050 

56 

0496 

54)1 

22-08 

0-023 

58 

0-302 

5-86 

8-04 

0-035 


or, 2 

0*5S 

0-4(1 


o-4:i 

0-27 

O-OS 


ArrooK. 


59 1 

0-7 Go 

7-13 

21-56 

0-036 

0-331 

03 

0-552 

0-31 

27-28 

0-020 

0-231 

00 

0-424 

()-7S 

21-02 

0-020 

0-313 

09 

0-202 

7-73 

20-5.8 

0-010 

0-376 

72 

, 0-524 

6-01 

14-28 

0-037 

0-421 

73 

0-677 

5-07 

i 

21-44 

0-032 

0-265 
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Table VI-~con<rf. 

The Punjab Soils — contd. 

Potash : Clay, and Aialminia : Clay Ratios can/d. 

(% on air dried soils.) 

Soil No. Potash K,0 Aluiniuia Al.O^ Clay Potash : Clay Alurniiiia : Clay 










1 10 


SOILS OJ?' THB PHNJAB 

Table VI — contd. 


The Punjab Soils — <jontd. 

PoiAsii : (Jl\y, wo Ali’mixia : Clay Ratios cmthl. 
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'PABiiK VI — eonUi, 

The Punjfih - rontd. 

l^VI ASn : ( -LAY \NJ> AiA'MINIA : (’lay Ka rios -rr;/^/#/. 


(^*j, uu air dried soils.) 


Soil No. 

Potash K .() 

VhmiMH.i. M .O , 

(’liiy j 

1 PoImsU : (lay 

Aluinini.i : (Hay 



SUK PAllE SOILS - roithi. 




SHKiicrurniriA, 



i 


|(rl)0 

j 0 012 


i:r; 

0-2110 


- ( 1 
/ i). 

o-o:io 


las 

o:'o.> 

.! 20 




Ilia 

u- K’.;; 

le; 




\i(\ 

0 SKS 

. • 7 ! 




Hi 

OiiL'O 

;}o.» 





0-82A 

(ill 


. 

1 


ua 

M i:’ 

•MS 


1 

1 


1 11 

n ilMi 

'•SI 




LUi 

o /!U 

.V7 1 




IH’, 

o:i:io 

() :}o 




117 


:mi 




1 1« 

n-7!’7 





HU 

0 son 

7-:jn 

1 

• V. 


! 

ir)0 

n/rio 


1 1 (»s 



151 

0 


1 (il 

o o.so 


1 .SJ 

0-702 


i:; II 

0 i)ri!i 




I\lov . 


I5;i 

•• 

1 

i7-:io j 

.. 

1 

1 5^1 

O-Tso 

1 

lO-SK 

0-0/2 
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Table VI — contd. 

The Punjab Soils — contd. 

Potash : Cj. vy, and Aluminia : Clay Batios — couftl. 
(% on air dried soils.) 


Soil No. 


Poia.sh K.A.) 

Aluminia ALO^ 

Clay 

Potash : Clay 


Aluminia : Clay 


SUilKACE SOILS — contd, 

iMoNTtiOM EEY~ ■ CO/< /// 


157 

0-050 

•• 

• • 



ins 

O-SIO 

5*20 

12-10 

0-005 

0-41 

ir.i) 

0-720 

5-27 

11- 10 

O-O03 

0*40 

1(»() 

0-03() 

^•51 

11*44 

0-055 

0*10 

Kil 

0*700 

4*47 

11*54 

o*or»o 

0-39 

10:3 

0-780 

4*97 

12*13 

0*003 

0*40 

103 

0-1)00 

4*83 

11*72 

0-077 

0-4) 

105 

1*010 

5*55 

14-5!) 

0-071 

0*3S 

107 

0*770 

1*00 

12*78 

0*000 

o:iu 

109 

O-SIO 

4-29 

1 1*05 

0*07*2 

0-37 

171 

0*090 

5-21 

lv8*72 

0*053 

0-29 



Lyallpur, 



173 

0*827 


10*95 

o-07r> 


174 

1*250 





175 

1-300 ’ 





170 

I *030 





177 

1-190 





178 

1*200 





170 

, O*9(»0 





180 

l)*7S0 


• • 


.. 

181 ^ 

0 700 


• • 
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Table yi—aantd. 

The Punjab Soils — contd. 

Potash : (yL\y, aed Alomima : ('r.Av Ratios- 
on air ilriod soils.) 


Soil No. 

i\)tasli K^O 

A him in ia AL( ) , 

I ( ‘l:i V 

iNOa-ili : ('liW /' 

Uiiminia : Day 



SUIU-'AOh 

I SOILS — coiitfl. 





l.YALLPUR -CinUd. 



182 

0-500 \ 

5-28 

15*00 

0*032 

0-34 

IS4 

0-550 1 

MO 

10*11 

0 o5l 

i 0*13 



Shah PUR, 



ISO 

0-05G 


7*01 1 

ooli 1 


187 

o-7i:{ 

.. 

13*02 

0*053 1 

.. 

ISS 

•• 

- 

12*01 


• • 



SirAiiPUR (Mona). 



107 

0-S8I 1 

10*10 

21*12 

0-012 

0-51 

100 

0*5-10 

S*53 

28 (U 

0*020 

0*30 

201 

0*307 

l-liS 

10*72 

0*037 

0-44 

2 o:i 

1 *070 

7*00 

23(»0 

0*010 

0*31 

20o 

1*020 

8-25 

22*08 

0*040 

0*37 



Shatipdr (Saroodka). 



20G 

0-G03 

0*80 

15*84 

0-044 

()-43 

208 

0*724 

7-24 

200(» 

0*035 

0-35 

210 

0*547 

5-13 

8*00 

0*008 

0*01 

212 

0*080 

0-10 

10*00 

0*013 

0*38 



.7 HA NO. 



214 

0*847 


r.-.w 

0*015 

•• 

215 

0*837 

1 

4 -IK) j 

0*017 

•• 
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Table VI— confti. 

2’/tc Punjab SoiU — coatd. 

Potash : (Jlay, ani> Aia;minja : Clay Ratios- nmlil. 
(% tm air dried soils.) 


Soil No. 

To task KjO 1 

1 

Alumiiiia A1 .0;. 

(Jluy 

Potash : Clay 

Aluminia : Clay 



SURI''A0K son-s -C 0 rt<</. 




MtJLTAl(. 



228 

0 675 

6*99 




220 

0*S()« 

0*11 


•• 




MiiZA» FAIIOAHH 



2130 

0*801 


20-32 

0*042 


231 

1 0*822 

1 

13*28 

0*002 

1 ■■ 



hicHA (Jha’/i Khan. 



232 

0087 


0-2S 

( >.()'/ 1 


233 

0*802 


MM.H 

0*010 

i 



SI.IH.S01LS 








40 

0*.57 I 

1 5*:i3 

21*30 

0*020 

0*2.> 


(1*53 1 

4*3.> 

lOOl 

0*028 

0*23 

.53 

0-44 ' 

3*77 

11*70 

(♦*038 

0*32 



IvAWAr.riNOi. 



.‘>3 

0*50 

0*38 

11*08 

0042 

0*38 

r.7 

0*51 

3*48 

22*21 

(♦023 

OK) 

50 

0*t7 

3*02 

0*72 

0*n70 

1 

0*58 
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Soil No. 


Tajblk VI — conUl. 

The Funjab k:ioUs — could. 

ruTASJi - Clay, anl) Alumjnia : Clay KATiu& (wt/d, 
( on air dried soils.) 


Potasli K A) 

Aluminia ALO , 

Clay 

L*ola.sl» ; Clay 


Aluiuiiiia : (jJay 


»SUli SOILS — cnnltL 


Attook (2m d foot). 


(il 

0*88 

8-80 

23-00 

0-038 

0-38 

(>4 

0-10 

.7*8 1 

3240 

0-011 

0*18 

07 

u-a 

O-08 

20-08 

0-0 10 

0*27 

70 

0-02 

0-37 

21-12 

0-020 

0-1 j 

70 

0-51 

7*83 

1703 

0-031 

O-ll 

70 

0-72 

8-00 

25-80 

0-028 

0*36 

70 

010 

0-42 

10-20 

0-025 

0*10 

82 

080 

7 00 

1 ItlOl 

0-012 

1*37 

85 

•84 

7-10 

17*80 

0-017 

0*10 

88 

(KSI 

8*0o 

10-(M1 

0050 

0-55 



A'l roi'K (3 ud I'Oot). 



02 

0-73 

(i- 1 1 

27*2:> 

0-027 

0*22 

(ia 

0-7S 

7’80 

30-/>2 

0020 

0 20 

08 

010 

0(il 

10.35 

0021 

0-31 

71 

0-00 

;-07 

20-5Ji 

0 02:i 

0-37 

74 

0 01 

7 (>7 

22*30 

0 020 

rn 

77 

0-.72 

7(;o 

2.5*20 

0021 

0-31 

SO 

0-40 

7-00 

17*02 

0028 

010 

83 

00.7 

7‘22 

10*00 

0-0,38 

0-43 

86 

loo 

7-88 

10*20 

0-055 

0-1 1 

80 

0-75 

S-i32 

1.5-00 

0-05 

0.50 


11 
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Table VI— 

The Punjab Soils — contd. 

Potash : Clay, and Aluminia : Clay Ratios — conid. 

(% on ail dried soils.) 

Soil No. Potash K J) Aluminia AI2OS Olay Potash : Clay Aluminia : Olay 


SUB*SOILS —conid. 
Hirsar. 


08 

0*63 

5-90 

21*70 

0*029 

100 

0-69 

G*10 

21*28 

0*028 

102 

0*77 

800 

30*04 

0*021 

104 

0-38 

3-29 

16*52 

0*024 


Karkal. 


120 

0*66 

4*76 

16*04 

0*039 

1 0*28 

122 

. 0*01 

7*31 

12*90 

0*070 

0*66 

124 

0*88 

7*31 

14-88 

0*069 

0*49 



Feeozbpue. 



129 

[ 0*79 I 

6*98 

13*70 

0*057 

0*44 

131 

0*76 1 

6*97 

[ 16*62 

0*049 

0*38 



JULLUNDUR. 



132 

0-79 

.. 

6*90 

0*011 

••• 

188 

1*60 

• • 

28*08 

0053 




Montqomxry. 



104 

>85 . 

5*19 

13*48 

0*063 1 

0*38 

166 • 

[ 1*05 

5*79 

16*87 

0*006 

0*37 

108 

0*80 

4*63 

14*72 

0*064 

0*31 

1 : 
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Table VI — condd. 

The Punjab Soils — concld. 

Potash : Clay, and Aluminia : Clay Ratios — cofftd. 
(% on air dried soils.) 


Serial 

Ni). 

Potash K,0 

Aluminia 

(Uay 

1 

i 1 

Potash : Clay | Aluminia : Cla,V 



SUH-SOIT.S- 





Alo NTflO M TCJl V — Con-ZfL 



170 

0*77 

4-74 

( 

10-24 

•076 

CMO 

172 

M2 

1 

5-54 

1805 

0-0G2 

031 



Lyallpur. 



183 

•60 

6-67 

1 14-40 

•042 

•39 

185 

•00 

4*30 

1 10-64 

1 

•050 

•40 



Shaiipur (Mona). 



198 

•950 

8-59 

26-00 

•037 

•34 

200 

•901 

8*63 

32-32 

•028 

•26 

202 

•34 

4-10 

9-44 

•036 

^43 

204 1 

•90 

8-76 

23-84 

•038 

•37 



SHAnPUR (Saroodha). 



207 

•89 

6*88 

15-36 

•068 

•45 

200 

106 i 

8-27 

26-40 

•040 

•31 

211 

•50 

• 

510 

8-48 

•069 

•60 

213 

•69 

5-63 

^ 16-96 

•036 

•33 
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Table yil-—c(mtd. 

The Punjab Soils — contd. 
Pn(>«PH()Kio Acio -ronfd. 


Soil 

No. 

Locality 

1V>, 
jMT cent. 

Soil 

No. 

Locality 

1 

I’.O. 
per cojit. 

55 

Hawalpindi . 



0*21 

107 

1 1 iH«ar 



0*15 

58 

»» • 



010 

108 



. 

0*13 

50 

Attook ; 



017 

109 

f* 



0*13 

03 

>» 



010 

110 

Karnal 



0*30 

00 

»» • 



01 7 

111 

»» 0 



0*39 

r/j 




010 

119 

»» • 



0*13 

72 




0*10 

121 

»♦ • 



01 2 

75 

t» • 



0*37 

123 

99 • 



014 

78 

»♦ • 



0*20 

125 




01 3 

81 




0-20 

120 

Fero/.e])iir , 



0;24 

Hi 

»♦ 



0.,2 

127 




0*29 

87 

»» • 



0*01 

128 

99 * 



0*21 

90 

f» 



0*02 

130 




0*23 

91 

HisBar 



0*11 

132 

Julbimlur 



0*21 

92 

f$ • 



0*11 

133 




0*10 

93 

$9 • 



010 

134 

l^ahoi'C 



0*13 

94 




0*14 

1 135 

»» • 



0*10 

95 

>» • 



0*14 

130 

Slioikliu]>ura 



013 

90 

«» • 



0*12 

137 




0*11 

97 

»» • 



0*32 

138 

yp • 



0*10 

99 

»» • 



0*24 

139 

py • 



0*15 

101 

»> • 



0*19 

140 

»» • 



0*09 

103 

»» • 



0*22 

141 

♦» 



0*13 

105 




0*15 

142 

fp • 



0 20 

100 

♦» • 



0*32 

143 

•» 



0-25 
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SOILS OF THE PUNJAB 


Table VII — contd. 

The Punj Soils — contd. 
Phosphoric) Acid — contd. 


Soil 

No. 

Locality 



per cent. 

Soil 

No. 

Locality 


per cent. 

144 

»Shoilvhu|mra 



014 

177 

Lyallpur 


0-20 

145 

»> • 


* 

008 

178 

f» • • 


0*18 

140 

t» • 



0-12 

179 

If • • 


0*14 

147 

i» • 



0*12 

180 

11 • • 


0*14 

148 

»* • 


* 

0*20 

181 

ft • • 


0*14 

140 




0*15 

- 182 

fj • 


0-23 

160 

Oiijrat 



0*23 

184 

f> • • 


0-22 

161 

.> 



0*16 

186 

Shahpur 


0*22 

162 

»s • 



0*29 

187 

ft • • 


1*60 ? 

166 

Montgomery 



0-15 

188 

II • • 


0*28 

167 

If • 



0-29 

197 

Shahpur Mona 


0*16 

158 

I? • 



0*19 

199 

If »> 


0*17 

159 j 

If • 



0*21 

201 

II If • 


0*15 

160 

If • 



0*23 

203 

11 ft • 


0*23 

161 

11 • 



0*21 

206 

11 II • 


0*24 

162 

If • 



0*19 

206 

Shahpur Sargodha 


0*23 

103 

If • 



0*21 

208 

If If 


0*20 

166 

•I • 



0*20 

210 

If If 


0*18 

167 

If • 



0*21 

212 

ft If 


016 

169 

ft • 



0*18 

214 

Jhang . 


0*64 

171 

ft 



0-21 

215 

II • 


0-63 

173 

Lyai-lpur 



0*36 

216 

Multan 


0*53 

174 

tt • 



0-21 

217 

fi 


0*24 

176 

»f • 



01 6 

228 

II • • 


0*17 

176 

13 

• 

• 

015 

229 

11 • • 


010 
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Table VII — contd. 

The Punjab Soils — coiitd. 
PliOSPHOHKi ACII) — 


Soil 

No. 

Locality 

per cent. 

Soil 

No. 

lx)cality 

per cent. 

230 

Muzaffargarli 

0-20 

232 

Dera (jiha/a Kliaii . 

0-07 

231 

t» • • 

0-22 

233 

»> • • 

1-30 r 


Table VIII. 
The Punjab Soils. 


luoN AND Aluminium. 


Soil No, 

Iron 

Aluminium | 


iron 

Aluminium 



SURFACE SOILS. 




Amjballa. I 


Attock. 


10 

3-21 

2-50 

60 

4-32 

7*13 

11 

3*29 

2-44 

63 

4'21 

0'31 

12 

3-08 

307 

66 1 

.4*93 

6*75 

13 

2*34 

3*57 

69 

6-99 

7*73 

U 

2-95 

3*73 

72 

4-72 

0-01 




75 

4-08 

607 


GuRDASrUK. 


78 

3-58 

9'29 

4S 

4*24 

4-08 

81 

5*58 

7*31 

50 

310 

3*47 

.84 

4*80 

0*98 

52 

[3-08 

3*50 

87 

4-90 

7-8(3 




90 

5-94 

8-SO 


Rawalpindi. 





54 

.>•09 

[ .“>-92 


IllS-SAR. 


50 

300 

1 5-91 

.7 j 

3-28 

4-o8 

58 

1 

4r)> 

5-80 

99 j 

ii.) 

6*74 
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Table VIII — conld. 

The Punjab Soils — contd. 
Iron and AfjJMiNiuivf mnhl. 


SoU No. 

Iron 

Aluininiiim 

Soil No. 

j Iron 

Aliiminiinu 



SUHKAOK HOlUH-^ontfL 




IliSSAR — con4<K 1 


Shetkiutppra- rnnid. 

]01 

1 4*90 

G-99 

144 

1 1*28 

2*81 

ior» 

4 04 

4*71 

145 

3*20 

5*74 

Km 

3-84 

5*88 

14(i 

4*10 

0*30 

1D7 

4*08 

rvfio 

147 

1*94 

3*41 

m 

3*80 

1 §*59 

148 

4*42 

5*43 

KM» 

3*0S 

• 4*8r» 

149 

3*82 

7*30 


ICaknai.. 





MS) 

4-08 

4 *81* 


Mo.ntiu>mehy. 

121 

4*08 

f»*02 

158 

3*(>0 

5*20 

m 

3-47 

0*57 

I.W 

3*20 

.'■.•27 

12{f 

3*01 

3*98 

HiO 

4*(K) 

4*54 




101 

3*70 

4*47 


Kkuozepur. 


102 

3*9(; 

4*97 

128 

4*21 

5*83 

103 

1*20 

4*83 

i:i() 

4*12 

5*49 

105 

4*40 

5*55 




107 

4*12 

4*00 


SnEiKnuruRA. 

109 

4*04 

4*29 

128 

1*98 

2*20 

171 

4*r>o 

5*21 

139 

1*78 

3*98 




140 

3*20 

5*72 




141 

1*8<I 

3-()r> 


Lyaixpuk. 


142 . 

4*33 

0*11 

182 

2*38 

5*28 

143 

4*44 

2-18 

184 

2*03 

4*40 
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Table VIII— 


The Punjab Soils — contd. 

Ikon ani> ALUMisiHiVi ~(nrtd. 


Aluminium 


Aluminium 


SnAiiPiiR (Mona). 


SURFACE SOI LS--rn/t/7r/. 

I SllAIIIMIU (SAlKiomi.A) — COUtd, 


107 

204 

1010 

190 

4-72 

s*5:i 

201 

:)*I4 

4*08 

2o:{ 

5-:{s 

7*0(i 

205 

2*80 

8*25 


210 

2*70 

512 

212 

5*05 

0*10 



SiiAiii'Dit (Sakoouiia). 



Multan. 


200 

4*44 

(»*80 

228 

4*40 

5-00 

208 

4*85 

724 

220 

4*02 

i;*i4 


SUR-SOILS. 


(Uj UDAflinm. 


RAVVALI'INDJ. 

:V40 

4-4S 


Attoc-k (If 
I 4-:J2 I 



Al'Tf>fJK fl I ft.). 


Attook (III n\). 


01 

4-50 

8-SO 

(52 , 

1 4-2J 

01 1 

64 

4-20 

5*84 

(i5 

' 4-22 

7'80 
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Tablk VIII — con/d. 

The Punjab Soils — contd. 
Ikon and Aluminium — co^iid. 


Soil No. 

Iron 

Aluminium 

Soil No. 

1 ion 

Aluminium 



SUB-801LS— co/t«(/. 



Athmjk (III Kl.) CAJnltl. 


Momtuomkkv. 

(is 

0(i0 

004 

lot 

4*28 

5*10 

71 

r)*4s 

7-07 

100 

4-44 

5*70 

74 

(i*08 

7-07 

108 

4*40 

4*53 

77 

0*41 

7-00 

170 

410 

4*74 

SO 

0M30 

7-0(i 

172 

41)4 

5 ’54 

s:i 

o*3(i 

7*22 




so 

5-40 

7*88 


Lyallpuk. 


so 

6-88 

8*52 

183 

2*52 

2*27 


Hissar, 


185 

0*57 

4*30 

1)8 

3-50 

6*00 




100 

4*20 

0*10 








Shaupur (Mona). 

102 

:)-l2 

8*1 

108 

5*08 

8*50 

104 i 

;>•()() 

3*20 

2(K) 

5*72 

8*53 




202 

3*04 

4*10 


Kabnal. 


204 

5*77 

8*70 

120 

4*20 

4*75 




122 

3*42 

7*31 




124 

3'47 

7-31 


SlIARPUR (SaKCJOPHA). 




207 

4*00 

o*ss 


KrKUZKI’L'U. 


200 

r>*72 

8*27 

120 

4*32 

j o'OS 

211 

3*71( 

5*10 

101 

4-00 

1 5*07 

213 

4*SS 

5*03 
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Table IX. 

The Punjab Soils. 

Metallic bases in relation to Silica and Aluminia. 


{% on air driod soil.) 





Hasos 

■■ 

■■1 

Soil No. 

Silira 

Aluminia 

(CaO. MuO, 
Na,(), K., O) 

Hi 



SURFACE SOILS. 
Amhala. 


10 

Doiia 

2*50 

2*73 

30*10 ; 

1 i 

M 

11 

DO-SS 

2-44 

2*81 

37*24 

1 

1-2 

12 

87*52 

3*07 

2*52 

28*51 

1 

0*8 

la 

90<i» 

3*57 

2*05 

25*38 

1 

0*7 

14 

89*43 

3*73 

2*83 

23*98 

1 

0*7 




Average 

30*24 

1 

•9 




1 

OuRDASrUR. 




48 

88*32 

4*08 

2*44 

18*87 

1 

0*5 

50 

88*31 

3*47 

2*89 

25*45 

1 

0*8 

52 

91-95 

3*56 

312 

25*83 

1 

1 

0*9 




Average . 

23*38 

1 

■7 




Rawalpindi. 




5J 

07*01 

5*95 

14*29 

1 1 *37 

1 

1 3-1 

50 

(it -71 

5!)1 

14*33 

H»-95 

1 

2 4 

58 

72*80 

5*8r) 


I3-OG 

1 

20 




Avkkace . 

11*77 

1 

2-3 
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Table IX — contd. 

The Punjab Soils — contd. 

Metallic bases in relation to Silica and Aluminia — contd . 


(% OB iiir dried soil. ) 






■■1 


Soil Ni>. 

Silicsi 

Aliitniniii 

(CaO, M^O, 
NaJ), K, O) 

■ 

Aliitninia : 


SITUFA(’E SOILS A/. 
H ISM A It. 


‘>7 

85-02 

L5S 

i-.ii 

IH-5<i 

1 

00 


SS-57 

0-71 

LSI 

12-70 

1 

0-7 

101 

SL8:i 

<>■00 


12-1:; 

1 

0-50 

lOo 

sr>-;i:i 

1-71 

2-72 

18-75 

1 

0-<> 

100 

s5 1)0 

5-SH 

:;-o:; 

11-17 

1 

0-5 

107 

8 L07 

.>•.■><1 

2-SO 

15 15 

1 

0-5 

los 

so-:io 

;>oti 

.2 <IS 

15-11 

1 

0-:; 

10!1 

87-i:i 

185 

2-02 

i8-o:; 

1 

0-1 




.\VIOI{\OK . 

15-70 


•5(i 




Karnai.. 



1 1.0 

87-17 

i-si; 

:M7 

17-01 

1 

1 -oo 

1L»I I 

1 Sli'li » 

5-02 

2-01 

17-2<> 

1 

-58 

r.i:i 1 

1 SO -02 

(;-:>7 


12-77 

1 

•50 

lL>r> 

1 SS-70 

:;<)8 

2:u 

22-:; j 

i 

•0 




Aver \(ie i 

17-57 

1 

•58 




EEROZKrUR, 




l‘2S 

1 7J>-7t» 

1 as:; 

1 78 4 

i:;i7 

1 

1-:; 

i:io 

^ ♦ 

1 ' 5-40 

1 S-07 

11-00 

1 

1-5 




Average . 

i;;-oi 

1 

1-4 
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Table IX — conld. 

The Punjab Soils — contd. 

Metallic iiA^sEt; in helation to Silica and Alcminlv — entud. 


on air dried soil. ) 


No. 

Sill ( a 

Aluniiiiia 

Bases 

(CaO MgO. 

Na.O, K.O) 

Silica ; 

Aiiiiuinia : 

1 >asos 








»S U11EA( 'E S( ) I I^S — cohUI, 
MoNTeOMKKY. 


I.kS 

SLSO 

.7 • 2 1 

Sll 

1571 

1 

1-5 

ir>9 

SILaO 

5-27 

792 

15 85 

1 

1-5 

i()(i 

80;{S 

i-r.i 

0-.T7 

1902 

1 

1-1 

Mil 


117 

SIM) 

IS- 10 

1 

2-0 

I(J2 

SI 

1!)7 

7-t)2 

M>-!)1 

1 

1-d 

io:t 

SI in 

1 83 

.7‘);. 

Kis:; 

1 

1-2 

i(>r) 

7tM0 

.7 

<;• 10 

I L25 


M 

107 

SJ til 

I•(i0 

..•so 

17-79 

1 

1-2 

i(;!i 

SM‘)^ 

IL’!! 

701 

IS 95 

1 

Id 

171 ( 

7s«o.:> 

..•21 

7-:i7 

M 9S 

1 

M 





Id .S7 

1 

1-15 




LvAr.iJ'i'i:. 



LSJ 

sisj 

..■2S 

ti-ds 

15 .70 

1 12 

181 

ssie 

Mil 


22 02 

1 

0-7 




VviMMCi: . 

is-7i; 

1 

•95 
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Table IX— cowtrf. 

The Punjab Soils — contd. 

Metallic bases in relation to Silica and Aluminia — contd. 
(% on air dried soil.) 


m 

Silica 

Aluminia 

Bases 

(C'aO. MgO, 

■1 

Aluminia : 

Bases 

Wm 



Na.O, K 2 0) 

■■ 




HUHFACR SOILS-rowcAL 


SHAHPUH. 


11)7 

7srii 

10-10 

5-52 

7-71 

1 

1 -54 

11)1) 

751)2 

8-5:1 

:i-oo 

S-OO 

1 

-30 

UOl 

71)*(VI 

4-08 

8-19 

17-01 

1 

1*75 

2o:i 

7803 

7-90 

4-04 

9-80 

1 

•58 

205 

7y:m 

8-25 1 

5-48 

9-01 

1 

•66 

207 

7(il)0 

0-80 

5-92 

11-21 

1 

•86 

200 

81-52 

8-27 

0-21 

0-80 

1 

•75 

211 

70-81 

5-10 

10-27 

13-80 

1 

2-01 

21:1 

1 77-M 

5 - 0:1 1 

5-25 

13-75 

1 

•03 




Average . 

11-30 

1 

1 

•94 


SUB-SOIUS. 

Qitbdaspub. 


49 

87-14 

6-33 

2-33 

16-35 

1 

0-4 

51 

88-54 

3-47 

2-89 

20-36 

1 

0-7 

53 

9003 

3-77 

1-73 

23-88 

1 

0-5 




Avebaok . 

20-20 

1 

•53 
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Table IX — amUL 
The Punjab Soils — contd. 

Metallic bases in relation to Silica and Aluminia — conid . 


on air drioci soil.) 





Basc.s 



Soil No. 

Silica. 

Ahnuinia 

(CaO. M-O, 
Na.O, K,()) 

Silica : 

Alnininia. : 


SUB cow///. 

Rawalpindi. 


55 


5-:i8 

12‘7T) 

12*22 

1 

2*30 

57 


;i‘is 

14*60 

18*22 

1 

1*2 

69 

71 ‘68 

3-92 

11*78 

18*28 

1 

3*0 




Aver AO E . 

10*57 

1 

3*10 


Hissar. 


98 

82*42 

5*00 

4*05 

13*83 

1 

0*9 

100 

84*73 

0*10 

5*10 

13*89 

I 

0-8 

102 

84*53 

800 

3*50 

10*57 

1 

0*44 

104 

S(;*34 

3*29 

2*57 

20*24 

1 

0*80 




AVERA(!K . 

10*13 

1 

•72 


Karnau 


120 

85*71 

4*75 

2*98 

18*04 

1 

0*60 

122 

81*78 

7*31 

3*27 

11*19 

1 

0*40 

124 

88*79 

3*98 

2*31 

11*41 

1 

*40 




Averacib • 

13*55 

1 

*50 


Eerozepur. 


129 1 

75*07 

5*98 

8*40 

12*55 

1 

1*4 

131 1 

74*31 

5*97 

8-70 

12*41 

I 

1*5 




Avkracjk . 

12*49 

1 

1*5 
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Table IX — conid. 

The Punjid) Soils — could. 

iVlK'J’ALLKi JiASIOS JN [{KLATlOxN TO SlLK’A AJS'O Al I MINI A — (‘Oil, 1(1. 


OH jiir dried soils.) 





Bases 

WKKM 



Soil No. 

Silica 

Aluiaiuiu. 

(I'aO, MgO, 
Ntt.O, K, O) 

■ 

Aluiiiinia ; 

Bases 


SU H-S 01 L 8 — iOncUt. 
MONTOOMKliY. 


104 

81*31 

5*10 

0*18 

15*07 

J 

1-2 

100 

70*00 

5*70 

7-01 

13*11 

1 

1-3 

108 

8M1 

4*53 

0*80 

17*01 

1 

1-5 

17U 

70*20 

4*74 

8-40 

10*72 

1 

J-8 

172 

77-00 

5-51 

7*00 

14*00 

1 

1*1 




Av Kit VO a . 

1.5-40 

1 

1-4 




IjYAKKI'IIH, 




180 

78*40 

5*57 

0*00 

14*00 

1 

1-2 

18.1 

80*70 

1*30 

1 1-00 

20-18 

1 

0*0 




AVEUACIi . 

17*14 

1 

1-1 




SjiAUlMJi:. 




ll»8 

02-20 

8*50 

lOS 

7*25 


•58 

200 

7o-2l 

8*53 

1*52 

8*82 

1 

*53 

202 

75-30 

1-10 

0-55 

18*30 

1 

‘ i ()n 

204 

70*dl 

8*70 

4*25 

8*73 

1 

•18 

200 

7710 

0*80 

0*38 

12*15 

1 

•!13 

208 

70-05 

7-21 

12*70 

10*51 

1 

1*77 

2l(» 

78*05 

5- 13 

7*44 

15-30 

1 

1 15 

212 

OK-25 

0*10 

12*30 

11-10 

1 

2-03 




Aveualje . 

11-55 

I 

M7 
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Potash (Available) 
Phosphoric (Available) 
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Phosphoric (Available) 
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Description 

Number 

MechaniaU, 

Fine Gravel . 

Coarse sand . 

Fine sand 

Silt .... 

Fine silt 

Clay .... 

Chemical, 

Potash as K. 0 

Phosphoric acid P, O 5 

Lime as CaO ” . 

Magnesia as MgO . 

Iron and Aluminium 
(Fe, O 3 -r Al, O 3 .) 

Potash (Avl.) 

Phosphoric (Avl.) . 

Nitrogen ( 0. 0 on air dried 
soil). 
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0-030 0-027 0-027 0-027 0-021 0-008 0-032 0-03 




Analyses of Normal Soils of Montgomery Colony. 
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Nitrogen (o/o on air dried soil) . . . 0 0432 o u3:s o o:jSs u 03G(> 0 034.1 0 0.3241 0 0.312 
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PUBLICATIONS OF THE IMPERIAL DEPARTMENT 
OF AGRICULTURE IN INDIA 


TO BK UAll FliO.M 

THE MANAGER, GOVERNMENT OF INDIA t'ENTRAL rURJ.lCATION BRANCH, IMPERIAL 
SECRETARIAT BUILDING, 3, COVERNilKNT PLACE, WEST. CALCUTTA: 

THE OFFICE OF THE AGRICULTURAL ADVISER TO THE GOVERNMENT OF 

INDIA, PUSA, BIHAR; 

AND 

ALL AGENTS FOR SALE OF GOVERNMENT FUBLICATIONS. 

A complete list of the publications of the Imperial Department of Agriculture in India can be cb- 
tained on application from the above-mentioned. 

Thc:?i- publications are : — 

1. Tlic AfjrkuUural Journal of India. A Journal dealing with subjects connected with agricultuiai 

eeonouiies, held and garden crojis, economic plants am) Iriiits, soil,'?, nuinurcs, methods of cuUiva- 
Gon, iirigation, climatic ronditiona, insect pesla» fungus diM at>ea, co-oj>crativo credit, farm imple- 
ments, and other agricultural matters in India. lUusliatioiis, iucUuling coloured |)latcp, loiiu a 
proruiiiOLit feature of tlie .lounial. It is edited by the Agric.ultr.ral Adviser to tlic Governriiciit (A 
India, and ia issued once every two months or six limes a year. A nnujd subscription ^ Rs. 0 or hi. 
t)c7. including postage. {Single copy Re. 1-S or 2s. 

2. The Jonrhul of the Central Bureau jer Animal llu.daindnj and Dairyiny in imliit. A quaiterlv 

dealing with cattle-breeding, dairying, cultivation and stoiage ol fodder cions, animal nntiillrK 
and other aspects of aiiinia! liushandry. It is edited by the Agrh uituial Advi&cr to the Govun- 
iiient of India. Annual subscripliont Rs. 2-8*0. iSiiigle cojiy As. 10. 

3. Si'icntitic Reports of the Agricultural Research fnstitute, Pusa. 

4. Review of Agricultural Operations iu India. 

5. Proceedings of the Board of Agriculture ia India. 

0. Proceedings of Sectional Meetings of the Board of Agriculture. 

7. Memoirs iJ the Imperial DeiiarGnent of Agriculture in India. 

{a) Botanical iSeries. 
lb) Chemical Scries. 

(c) Entomological Scries. 

(d) Bacteriological Scries. 

(e) Veterinary Series. 

8. Bulletins issued by the Agricultural Pvcsearch Institute, Pusa. 

9. Books. 

The following are the publications of the last two years :~ 

Scientific Reports ol the Agiicultural Research Instilutc, Pusa Inieluding tlie Reports of Die Impoiioi 
Dairy Expert, the Physio lognul Clicmi.st> (hAt inmeiit {r^ugaicane F.\[!cit, and Focictaiy, {sugar 
Bureau;, hm the j'car 1920*27. Price, Re. 1-14 or 3<^. 3d. 

•Scientilie Reports of the Agricultural Research Jnstitiiie, Pusa (including tlio Reports of llio Imperial 
Dairy Expert, Physiological Chemist, Goveroniont Sugarcane Expert, and Secretary, Sugar 
Bureau), for the year 1927-28. Price, R.s. 2-G or 4.5?. 3d. 

Review of Agricultural Operations in India, 1925-20. I’rice, Rs. 2-0 or 4.?. 3d. 

Review of Agricultural Operations in India, 1920-27, Price, Rs. 2 or S.*?. 6d. 

Proceedings of the Board of Agriculture in India, held at Pusa on 7th December, 1925, and following 
days (with appendices). Price, Re. 1-14 or 3^. 3d. 

1 C. »S. Vol, X, No. 2 and Bull. No. 187, 



MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA 


Vol. 

XIV, 

No. 

IV. 

V'ol. 

XIV, 

No. 

V. 

Vol. 

XIV, 

No. 

VI. 

Vol. 

XIV, 

No. 

VII. 

Vol. 

XIV, 

No. 

VIH. 

Vol. 

XV. 

No. 

1. 

Vol. 

XV, 

No. 

11 . 

Vol. 

KV, 

No. 

III. 

Vol. 

XV, 

No. 

IV. 

Vo 1 . 

XV, 

No. 

V. 

Vol. 

XV, 

No. 

VJ. 

Vol. 

XV, 

No. 

Vil. 

Vol. 

XV, 

No. Vfll. 

Vol. 

XVI, 

xNo. 

J. 

Vol. 

XVI, 

No. 

11. 

Sol. 

XVI, 

No. 

HI. 

Vol. 

XVJ, 

No. 

IV. 

Vol, 

XVI, 

No. 

V. 

\'oI. 

XVL 

No. 

VJ. 

Vol. 

XVI, 1 

No. 

VH. 

Vol. 

XV 11 

, No. 

1 . 

Vol. 

XVJl 

, No. 

11 . 


VoU 

IX, 

No. 

HI. 

Vol. 

IX, 

No. 

IV. 

Vol. 

IX, 

No. 

V. 


Botanical Series 

fcitudic:* in Gujarat Cottons, Part IV ; Hybrids between Broacli-desbi and Ga- 
"hari varieties of Gu'mypium herbdCQum^ by IM. L. Patel, M.Ag., and S. J. 
Patel, b.a". Price, As. 14 or Is. Od. 

The Indigenous Colton Typa-i of Ihirina, by T. D. Stock, ji.sc., d.i.c., a.r.c.s. 
Price, As. 9 or lOd. 

A Study of Famria eomiYuui to cotlon plants and cotton soils in the Central 
Provinces, by iJivvan Sinoii, m.sc. l*ricc, As. 5 or Od. 

The Knlambx Rice ot the North Konkaii and it.s Improvement by Selection, 
by R. K. BniDE and S. G. BnALKa.AO, n.A^;. Price, Re. l-4or2v. 
Pf'Mni'ie.lani tijphotdf.mn . : Studies on the J^ajri Crop. 1. 'the Morpholoi;;y of 
Pami'idiim t>/pkoidenmf by S. V. ({oobole, m.sc., b..a<^. Price, As. 12 or 
i.«f. :jd. 

Studies in Ivliande.sli Cotton, Part 1, by S. H. Pkayag, M.Ag. Price, Pc. 1*4 
or 2.!>‘. 3d. 

'Idle Indian Type.s of Lf/thyni-^ .'nifirus Ij. (Khesari, laxkh, Lang, Tcoia), by 
GAIiiaiiLLK ij. lloUAKO, AI.A., and K. S. AbDUJX itAll.MAN KlIAN. 
Price, Re. 1-8 or 2?. Gd. 

Krnit-Rol l)i.s(?ase of Cnltivatc'd Cui uibitaecie caused by Phythlam npha/iiilcr^ 
•tiKifam (Kds.) Pit;'., by H. Mitha, J'M..s., and ]>. S. SojinAAiAXiAM ' 

F. L.s. Price, As. G or Sd. 

Colour Inheritaneii in Rice, bv S. Iv. Mitb \, M.S., rh.i)., and S. N- Gupta and 
P. H. ({ANourj. Ihi( (‘. A.s. <» or Sd. 

.1 spp. from India det'o inineil by Du. Ruth Rvan and Mdiolr spp. from 

India and one from Mallay ilctermim'd by Prof. P. L. Stj:vj;n.s. Jh'if r, As. 4 
or o(f. 

Studios on Rice in Sunl, Jtirl 1, by K. 1. 'riiADANf, .M.sc., and Jl. V, iJuJiU.V 
Dutta, b.sc. Price, Kc. 1 or Is. 9d. 

Variability in <cit:iiii economic <haraeli‘is ])arlicnlarly in ;seod weight .and 
weight of lint j)er seed in pure strain.s of Hroacli Reslii Cotlon, by .Rac.’.anlal 
1^. Patm.. M.Ag., and Jl \uoi o Jl. Mann, D.se. Priee, As. 1 1 or 1 v. Gd. 
Studies in the SluMlding of Mang<» Plowers and ]''ruits. Pail 1, by 1', V. Waolu, 
i\i..vg. lhic(', As. 11 or L*. ,3d. 

Stiidi(‘.s in tin; Joivu/.^ of Gujarat; 1. 'J'lie dfOC'/^N df tlie Snj’at Dislricl, by 
M. I.. Paiku., and<L I*. Patki . iualo JVico. Re l-G or 2s. 3d. 

Studic.s in Indian Chillic.s, I : '.{ he Types of Capsicum, by F. J. F. Shaw, 
n.sc., A.m^.s., F,r..s., and Kha.n Sahib Abduk Rahman Khan. P ice. Itc. l-s 
or iS'. Gd. 

Foot-rot and xvilt of AutnTliiuum.H caused by Phylophlhora //ini. var. n n'irrfii ni 
u.v., by S. Sondakaeaman, m.a., and T. S. Kamakkishnan, m.a. Price, 
Pc. 1 or L’. \kl. 

I’urtber studios of Indian Grasses and Grass lands, by W. Burns, o.se. (Fdn.), 

L. Ih Kulkarm, M..\g. (Bom.). an<l S. K. Goonoin;, r.sc. (Ikon.), thice, 
Ue. 1-1 or 2^. :’d. 

Stmlios of >Sugarcane rool.s at din'ereut stages of growth, liy Kao Bahadur F. S. 

N'enkatr VMAN. U.A., aud R. rnuMA-. {hi (hr: /.rrsv.) 

Stndiu.s in ln<liaii Pnlse.s ; I. Lentil ( /Sfr/z/n ir/is Linn ), by F. .J. 1'. Shaw, d.sc,, 
A.R.r.s., K.L.s.. aud RmvHM. Gas Bosk, in.se. Price. Kr. I IG .»i 2-. 

Pylhiuni iiphiinidcrmitlmn (Fd'<.) Pit/, on Opiiidin Dillon, Haw., by P. S. 

R\m\kri.shna Ayvar, m.v. Pii -. .Vs. S It: iGd. 

.\on-debisc»mi’c of anthers in Puiijah Amccican (Joltons by TiuiVOR rROunirr. 

M. \. Pt ie-*. As, t or .Id. 

Studies in tin* Wilt l>is(cisf' »if Cotton in the Bombay Karnatak. Series I. by 

G. S, Ivhia;\i;m. m.\o.. and B. B. .Mundruu, m. v. ; with an Introdm (ion 
by Hr. 11. IL -Mann. Price. A.s. 0 or Is. 

Chemical Series 

S«)me Digestibility TTials on Indian Feeding Stuffs, Part II, by P. F. L.ander, 
M.A.,i>.bc., A.I.U., and Pandit Lal (hiAND Hhar.mani, L.Ag., n.sc. (Ag.). 
Price As. 10 or l.y. 

The Fff’oct of Manuring i\ Ch'op on the Vegetative and Reproductive Capacity 
of the Seed, by B. Visw.vnath, f.i.c., and M. Surianarayana, b..sc. Price, 
As. 14 or Lv. Gd. 

K.Npcriments on the Feeding of Sorghum .silage and concentrate to Scindi calves, 
by F. d. Wauth, m.sc.*, and Shari Kant aMisea. Price, As. 9 or lOd. 
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Chemical Series — canid, 

Vol. IX, Xo. VI. Losses and gains of Nitrogen in an Jiidiaii Sidl studied in relation to the seasonal 
composition of avcH waters, and the lx.'ajiiigs of the results on the jdlcged 
deterioration of soil fertility, by IIakold I'J. Annbtt, u.sc., f.t.o., m.s. 
K.A.C., A. PAnMANAiiJiA Aivak, B.A., aiul Lam Xakavan Kavastii, M.se., 
n.Ag. rri(», Ka. 2 or 3s. (>/. 

Vol. IX, No. Vll. .Some Digestibility Trials on Imllaii reeding Stuffs, Lait III: Some Punjab 
Hays, l>y P. r. m.a , n.se., a.i.o., and Jhvisnir Lal Ciiv.nd 

Diiahmani, l. vg., li.so. (vgj. I’li'-e, As. or iSd. 

Vol. IX, Xo. Vlll. The determinalion <.if the Kleelrieal (.‘onduetivity of the a'[ueous lOxtiaet of 
Soil as a rapid means td deleeling its probable Fertility, by AsiiUTOsii Skn, 
M.^c. Fri»-e, As. 4 or Gd. 

V'ol. X, Xo. I. Feeding Experiments at Kjirnal, by F. J. Warth, m.so. and F. J. Hussip. 
Prii e, As. S or lOd. 

Vol. X, Xo. TI. Soils of tlio Punjab, by |)«. P. F. Lanokk, m.\., o.se., A.i.e.. Du. RaMJI 
Xauain, n.se.. .and Mkhta ^Iokanu Lal, n.sc., L.Ag. Pi i < . ID. :i l I .a Gs. 'Jd. 


Entomological Series 

Vol. X, Xos. J. Four Xew Indian tlall Midges, by l)j{. F. I*, i'l nr ; I lit* rni nr* P.'.vlbi [Dntji/iu- 
II. rimi cilri^ Kuw.), by M. Ai/vi. IlrsiiN, Ai.'-r.. Price, Ite. 1*2 «)r 2s. 

Vol. X, No. nr. llraconiil'.e Vdpioiunie of Snidb India, by \'. Ham \ki:ish.n A Avyal, .'la., 
j''.R..s., F.z.s. Priee. As. LI or I ''. .'W. 

Vol. X, Xo. IV. Some Xew Indian Mirid e (^’//p/nAe), by IL lJua.\KO, li.A., iM'.s. Price, 

As. G or S(/. 

Vol. X, X'». V'. riio use of Hydrocyanic At itl < bis lur Hie- Fuiiog.uion uf Amerr an ( ‘otb.m nil 

im|i()!t inlo India. Ivvpcninriits on ils IcHial power foi' tlie Mexu-an Ibdl- 
wecxil {Anthonoind.': •inoidlA and lor the < Jrani \veo\ il {Sii'tiihiha-' ) ’■> 

uM the exli'id. to wbidi it i.*, absorbed by t'uttoii and .Jute lesjiectively ; and 
(Ml a practical mctliod l'>r s ilisf n Ljiv Imnigatinii on a largo scale, b}’ A. 

• Iamls Ti'Iinkk, m.\., n.sc., and D. L. Sirs', m.sc. 'IVcli.. m.sc., willi a 
I'orow’ord by IL IJokt, m.ill., i;..sc. I’nce, Its. 2 or bv. !>d. 

Vol. X, Xo. \'L Studies «m /Vub/ <lra AY/-/. Saunders fPinU boJlworm) m t lie Punjal), by 

iSoilAN StNOll lil.NDHA, iM.SO, Pricc, Re. l-l o.T 2‘». 3d. 

Vol. X. .\o. \'IL A ( !(inlribiiUnn t<* our knowlt* lire ol 1 lie Tliys iiiopi era. of India, by T. V. 

R \ M \Kiiisii N \ Avyah r'li.i'., r.r..s., |•./,.s. Pru.-, Ro, 1-b or 2'''. Gt/. 

Vol. XL Xo. I, A List of lln* Henerie Names ii.-ed for Microle()ido[)(f ra. bv '1. iDrvnuii.oi? 

FLETcmm, K.N.. I'M-.v . r.L.s., v.z.ii. {I/, Htf 

Bacteriological Series 

Vol. II, Xn. 11. A Paclm-ian Soft Rot «d Harden Poppy. Iiv i\ S. P. wi .\v\ \k, ii.a. Pnee, 

As. .1 or b(/. 

Vol. IJ, Xo, 111. Nitrification of Calcium (Nanamide in some Indian Soils, 1 j> .1. IL Walton, 

M.A., M.sc. Pltce, V-. lOoc ] v. 

Veterinary Series 

Vol. IV, Nil. 1. Tlie ( lieiindberapy nf Sun i tritii-t I nbs ? a dis) <>l Hoims and 

(.'attle in India, l>y .1, T. F.onvai:hn, n m .M.u.e.v,”, Pricc, Rs. 4-2 or !«, 

Vb>l. IV, No. 11. Studies in Piuvim* f.,\ nijiliangil i«, b}' 1\ ici''n s ^ m ii; n Av>ai:. Piiia-, Re. J.J 

or 2 a. 

Vol. IV, No. HI. Trypanbluo and certain ditliio-aiiilino derivati\es: tliejr eilleiu-y m tlio 

Irealnient of Piiop!asmo-is and «)tlicr afbations in tlie (y'('titral Rrovineos, 
IjV Maj(>r R. F. SriaraNO, k.jliw.s , n.v.s.M., k.z.s., i.v.s. I'lic-, A'^, 3 or 4d. 

^’ol. IV^, No. IV. Nasal <iramiilo'na in (’af.fle in Ibbar and be Raj >Aiiin P. .XX Das. 
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NlTElFlCATiUN 0¥ CALCIUM CYANAMIDE IN SOAIE 
INDIAN SOILS. 

BY 

J. H. WALTON, M.A., M.Sc., 
hnperial Agricultural Bacteriologist, 


(Received for publication on lat March IU28.) 


Laboratory experiments aiul Held trials had been carried out at Pusa with cal- 
cium cyaiiamide, or nitrolim, before the series of experiments to be described was 
undertaken, but no nitrification was found in Pusa soil in the original experiments, 
and no beneficial effects liad been olisiuved in the field trials. 

As Pusa soil is a highly calcareous alluvium, containing upwards of thirty per 
cent, of calcium carbonat(‘, the writer thought it quite [lossiblc that tliough this 
soil might be quite unsuitable for the ajiplicaf.ion of calcium cyaiiamide, dilferent 
results would bo obtained in other Judlaii soils. Nitrification exiierimeiits W'th 
cyaiiamide in Pusa soil were therefore repeated, and in otlu^r Indian soils the nitri- 
fication of cyaiiamide nitrogen was compar<‘d with that of ammonium sulphate 
and of muslanl cake. Th(‘ mustard cake, used had been extracted with ether to 
free it from oil. The cyanamidc^ was free irom dii’yaiiodiainide. 

The amounts of these iiiaL'rials used w(‘r<‘ calculat(‘d so as to add lU) mgnis. of 
nitrogen to iOO gnis. of soil. Watrr was add<'d to th(‘ soil to bring the moisture 
content to the optimum for the action of the nitrifying b.vct(;ria.^ An general, tJie 
amount of water added was about oiK.'-third of tlu^ saturoli’.^j^AVacity of the soil. 
Water was added every week to make u|i the. loss ilue to evaporation. All soils 
were incubated at The nitrate content of tin*, soils was estimated by the 

phenol disulphonic acid method. 

hi the first series of experiimuits the soils used were from Pii^a, Lujranwala in 
the Punjab, Sihar in the Central Provinces and Black Cot^^Au soil from the Central 
Provinces. Gujraiiwala soil is a sandy loam, pH Sih'v^l,soil is a sandy loam, 
pH 7*2. The J31ack Cotton soil is a heavy clay, pi I 7*5. Kstimations were carried 
on during only eight weeks in the Cujranwala soil, during twtdve weeks in the Black 
Cotton soil, fourteen weeks in the Sihar soil but in the PiLsa soil, in which the nitri- 
fication of Cjanamidc was expected to be slow or absent, they were carried on over 

(:i5) 
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a period of thirty weeks. Tables I-IV show the results obtained. Differences 
in nitrate and ammonia content of the soils are illustrated in figure I. 

Table I. 


Nitrification in Gujranwala soil. 



Nitroi^rri 

as 

M"ni 8 , Nitrogen per 100 gins, soil after week. 


1 

2 

.3 

4 

0 

8 

r 

NO, 

nil 

nil 

1-2 

nil 

I'S 

21 

Soil } Cyanamide . .< 

NO., 

0*2 

0-1 5 

012 

oir> 

010 


1 

Nil 3 

•• 

2S-(i 

10-3 

22 *7 

17(> 

14-3 

r 

NO-, 

7-5 

24-0 

21'0 

23-3 

25-2 

2(>'3 

Soil j Aininoniuni sulplinto .< 

NO^ 

:i*4 

012 

O'OS 

O'OS 

O-O.") 

007 

L 

NII 3 

•• 

:V4 

4'2 

2-5 

25 

5-0 

f 

NO 3 ^ 

5-4 

is*o 

14-4 

ir.'O 

21 0 

IS'8 

Soil-i-Uako . . . ,■{ 

NO, 

4-7(» 

OIU) 

004 

0'04 

0*02 

0-08 

\ 

Nii; 

•• 

;k4 

3 4 

31 

2-5 

5'0 

( 

NO 3 

1 -S 

0-0 

21 

21 

2-7 

3-0 

Soil aloiio (control) . .< 

NO 2 

0-0 

0-0 

0*0 

0-0 

O'O 

001 

i 

NH3 


3*4 

5-0 

3-1 

2-5 

5-0 


Table II. 


Nilrijicnlion in Black Cotton soil 


— 

Nilro- 

4CM1 as 

Mgms. NilrogtMi pio* lOO gins, stiil after week. 

L.. ' 

2 

3 

B 

ti 

B 

10 

12 












r 

NO.^ 


1'4 

1 0 

17 

21 

3*0 

3-0 


ti'O 

Soil 1 Ovana- < 

NO., 


0-02 

010 

0-23 

0-2 1 

0'04 

002 


001 

miilo. 

Nil;, 


101 

100 

13-0 

12*3 

12-3 

9-r> 

2-2 

nil 

f 

NO., 


2-0 

3-2 

O'l 

0-3 

8*4 

14-3 

10-5 

18-0 

Soil j-Aniino- < 

NN). 


0-27 

O*0t> 

(H)l 

0-03 

002 

002 

001 

0*01 

Ilium sill- 



20 

13-4 

ns 

0-0 

7 -S 

7-3 

7-3 

60 

phate. 











f 

NO3 


1-8 

2*4 

3-6 

4-2 

8-4 

13*5 

16-5 

16-6 

Soil 1 Cake .< 

NO2 


on 

on 

o-oo 

0-0.) 

0*02 

001 

001 

0-0 1 

1 

NH3. 


7-8 

40 

8-0 

10-1 

7-8 

0-2 

8-0 

2-8 


Initial oontent of soil :--N 03 -: 1-20; NO.- OOS; Nllj=l-7. 
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Weeks. SWeeks. X WeekB. iWe$k$. 



fin. 1 . 
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Table III. 


Nitrification in Sihar soil. 


— 

Nitro- 
gen as 

Mgms. nitrogen per 100 gms. soil after week. 

1 

1 

2 

4 

() 

8 

10 

12 

14 

r 

NO 3 

1*2 

1-4 

If) 

21 

30 

]r>-8 

2 10 

300 

Soil f Cyan a- 

NO 2 

0-04 

002 

01 2 

0-51 

3-92 

o-oi 

0*23 

0-14 

inide. [ 

NII 3 

31-4 

20*5 

29-2 

20-5 

is-r> 

12-4 

G-3 

0 -s 

Soil-l« Ammo- C 

NO, 

1*2 

20 

30 

17*4 

17-4 

24-0 

2 r)r) 

3(^*0 

Ilium 8 ul-V 

NO, 

00.3 

o-os 

002 

007 

0-00 

0-03 

0-03 

0 -0<i 

plinte. 

Nlfa 

200 

20*8 

22-7 

ir,-r, 

13-9 

11-2 

1 10-5 

7-G 


Initial content of Hoih— NO;, -1-4; NO. ^001 ; NII^ 2-2. 


Table IV. 


Nitrification in Pusa soil. 


~ 

Nitrojicu as 




nil.ro'fi- 

n i« r 

loi) iriii.s soil 

after week. 



■ 

2 

• 


s 

10 

12 

I 

IN 

10 

D 

20 

1 


NO, 

9 

1-2 

1-7 

1-7 

IN 

17 

1-7 

1-7 

10 

1-7 

M 

Soil 1 (;5iin.'iiiii(l(; 

1 

1 

NO, 

(1(12 

0-02 

0 ON 

0 (fl 

O'OI 

0-12 

0-27 


0 02 

0-12 

O-U.) 

1 


Mf, 


120 

IM 

i:;o 

12*1 

1 l-s 

12-2 

7-0 

12-2 

0-0 

lo-l 


Table IV (a). 


Nitrification in Pusa soil. 




Nitrogen 

as 

Mgms. nitrog(Mi [um* 100 gms. soil after week. 

1 

2 

3 

4 

G 

8 

A 

Soil [ Ammonium sulphatcti. 

Soil 4 Cake . . . • . 

NO, 

NO. 

Nil", 

NO, 

NO, 

Nil", 

1-2 

3-S9 

3-9 

2-7 

1-0 

18-5 

14-4 

r>-S3 

3- 4 

4- 2 
311 
7-6 

2S-.S 

O-OH 

2*5 

lo-O 

O'lG 

6-9 

20-1 

0-12 

2*8 

244) 
t race 

14-3 

28-S 

trace 

60 

240 

0 06 ! 
lJ-0 

3l;2 

nil 

6*0 

24*0 

trace 

50 
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Table IV (b). 


Nitrificahon in Pusa soil. 


— 

Nitromm 

as 

1 M^ms. nili'om'ii jx'r 1(K) uin.s. soil after ^vook. 

1 

2 

a 

4 

r 

NOj 

12 

an 

24-0 

31-2 

Soil f- Ammonium siili)hate . . .< 

i\(). 

2' 12 

:e2o 

0-01 

0-08 

1 

NIT, 

2i\ 

11 a 

(»*2 

2-8 

r 

NO, 

1*2 

i-s 

ISO 

ISO 

Soil -f- Cake , , • . . .< 

NO. 

100 

700 

O-oS 

0-04 

1 

mi; 

lG-8 

S-0 

8-4 

(V7 

r 

NO, 

ml 

a-s 

f rnc(‘ 

4-5 

Soil alone . . . . . < 

NO., 

o-ao 

nil 

nil 

nil 

1 

Nii; 

4 2 

1-7 

1*7 

23 


The msiilts for Piisji. Oiijrainvahi, Hiliar and Hla(*k' (k)iton soils sliowtul that 
only in Sihar soil was (Iuto any considcn'ahlo ainouni. of i h<‘ adih'd cyananiidti nitro- 
gen nitrified, and then only after ten w(‘eks’ ineuhation. 

Th(* amount of nitrogen added, 30 tngrns. per 100 gms. soil, is far higlu'r than 
that which is added in tin; field. 

Further ex})erim(‘nts w(‘re therefon' startl'd with tlu' Pusa, (liijranwala and 
Black cotton soils in which only H or 10 nigms. of nitrogen was added as gyanamide 
and other experiments w(‘r(‘. started with a further si'lc'clion of soils, adding 30 
mgms. of nitrogen in oni* set, and H mgms. in another, pi'r 100 gnis. soil 

Table V (u) '^hovvs the results obtained with Pusa soi! up to 21 w('(‘ks ineul)a- 
tion. The experinnmt. was repeated and the results shown in Table V (/>). 

Tabj.k V ((/). 


Nifrifirotloii of cyana}n i(lv in Pusa soil. 




Nit lo- 
gon as 



. nitroueii 

1 per lou 

gins. s«ii! 

r wi'o 

k. 


1 

2 

4 

0 

■ ^-1 

10 

14 

21 

Soil !- 10 mpns. f 

NO, 

l-o 

1-5 

la 

I’S 

1-2 

ir. 

3-0 

3-3 

nitn)ni'n ]K‘r< 

NO, 

0-00 

0'0() 

0-(M) 

0(Mi 

o-o.-) 

O-Oo 


008 

100 ^rns. soil 1 

Nil, 

00 

r>'0 

SI 

!r7 

S-4 

0-7 

> 

10-9 


Soil ! 5 m^ms. C 

NO, 

10 

1T> 

i-r> 

IS 


30 

4-H 

8-4 

iiitntgen per-^ 

NO. 

o-oo 

0-07 

OMT) 


' 0-04 

0-04 

008 

0*03 

100 gms. soil ( 

Nil, 

7-!» 

O’O 

7-0 

0-3 

7-0 

7 0 

8-4 


r 

NO, 

1-2 


4r> 

0-0 

S-4 

4-S 



Soil alone . < 

NO. 

0-04 

^ , , 

O-Oo 


0-02 

0-24 

. . 


1 

nh; 

3*4 


08 

a-4 

2-5 



• • 
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NITRIFICATION OF CALCIUM CYANAMIDB IN SOME INDIAN SOILS 


Table V (b). 


Nitrification of cyanamide in Pusa soil. 



Table VI. 

Nitrification of cyanamide in Gujranwala soil. 


5 A].i(nis. niliogcn added |M‘r 100 gin.s. Soil. 


Nitn »gen 


Algms. nitrogen alter \\e(‘k. 


Soil-j (\Ya*inTnid(' 


> 


M 1-2 IS 21 


6G ()-7 


2*1 ao 


0*17 nil nil nil 


5*0 4*5 


Soil alone 


1-2 1*8 2*7 3*0 3*0 3*0 


004 003 nil 


0*02 nil 


3*4 4T) 2*3 5*6 5*0 4*5 
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Table VII (a). 


Nitrification in Black Cotton soil. 


— 

Nitrogen 

as 

6 Mgina. 

i 

nitrogen 

added per 100 gins. soil. 


Mgms. nitrogen after week. 

1 

2 

3 

4 

5 

() 

8 

r 

NO 3 



2-4 

2*7 

30 

30 

3-0 

Soil+Cyanamide .< 

NO 2 



0-02 

0-03 


003 

002 

1 

NH 3 

5-U 


4-2 

2*9 

21 

4*2 


r 

NO 3 

1-5 

2 -;i 

3-0 

4*5 

51 

5*4 

5-4 

Soil + Ammonium < 

NO.. 

<V17 

005 

0*02 

0*02 


0*02 

002 

sulphate. 

Nii; 

40 

2-0 

1*7 

1*2 

’ 2*9 

2*5 


f 

N 03 

1-5 

10 

2-7 

3*0 

3*3 

4-8 

4*8 

Soil+Cake . .< 

NO, 

0-14 

0*10 

0*03 

0*01 


0*02 

0*02 

\ 

NII 3 

:l 8 

2-5 

2*0 

2 *() 

2*9 

3*4 


r 

NO 3 

1<)5 




4*5 

mm 

4*8 

Soil alone . . -< 

NO,. 

0()3 






0-03 

1 

Nn“ 

1-70 




V*7 

■ 

1-5 


As nitrification was slow, the experiment was repeated and determinations 
done at longer intervals of time. 


Table VTT (h). 


Nitrification in Black Cotton soil. 




5 

Mgms, nitrogen added peu- 100 gm.s. soil. 

— 

Nitrogen 

as 


Mgm.s. 

nitrogen 

after month. 




2 

,3 

'J'.* 

'-1 ^ 

.7 

0 

7 

Soil i Cyanamido . • | 

NO 3 

NH 3 

4-5 

;">n 


7*2 

2*4 

9-0 

1*7 

I ()*8 

2*1 

7*8 

1*1 

Soil -[“Ammonium .sulphate . | 

NO, ' 
NIL, 

4*8 

4-5 

0*0 

2*7 

0*0 

J '.s 

' !)0 

. i r. 

9*0 

2*4 

9*0 

3*4 

Soil -f Cake . . . | 

NO 3 

NH 3 

4*8 

.5*0 

tiO 

21 

7*2 

2*4 

7*8 

1*5 

9*(t 

3*0 

7*8 

2*2 

Soil alone . • . ^ 

NO 3 

NH 3 

4*2 

1*7 

3*9 

1-8 

4*8 , 
1*8 

4*8 

]*0 

5*4 

3*0 

1 

3*9 

3*4 
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NITRIFICATION OP CALCIUM CYANAMIDE IN SOME INDIAN SOILS 


Table V (a) shows that for ten weeks there is less nitrate nitrogen in the soil to 
which cyanamifle had been added than in the soil alone, and after that, up to the 
twenty-first week, there was less nitrification in the soil with 10 mgms. cyanamide 
nitrogen added than in that with only 5 mgms. of added nitrogen. The repetition 
of the experiment, the results of which arc given in Table V (6), shows that some 
of the added nilrogeii had been nitrified in three months, and the maximum increase 
over the control occurred in four months. The increase in nitrate with the 5 mgms. 
dose of nitrogen is equal to fiO per cent, of the added nitrogen, that for 10 mgms. 
dose to 48 per cent. 

In the Oujranwala soil, none of the added 5 mgms. nitrogen appeared to hav(i 
been nitrified in seven weeks (Table VI). 

In Black Cotton soil, in which cake and sulphate of ammonia had nitrified only 
slowly, the experiment was repeated using 5 mgms. doses of nitrogen with these 
manures as well as with cyanamide. 

In the first trial (Table VII a), the added nitrogen did not appear to nitrify in 
eight weeks, but in tho next trial (Table VIT 6), though again tluTe were only traces 
of the added nitrogen nitrified in two months, after three months 42 ])er cent, had 
been nitrified, and after six months the whole of the cyanamide nitrogen appeared 
to have been nitrified, and also 84 ])er cent, of that ap])lie(l as snl})hate of ammonia 
and 72 per cent, of that applied as mustard cak('. 

The other soils in which nitrification was testc'd were from the following loca- 
lities. Kalol, Northern Bombay, a heavy loam, pH 7*3 
Chinsurah, Southern Bengal, clay, ])II 7*2 
Sialkot, Bun jab, a heavy loam, pi I 7*3 
Ranchi, Ohota Nagpur, Upland soil. Coarse, sandy, pll 0*2 
Ranchi, Chota Nagpur, intermediate soil. Heavy loam, pH 0*0 
Ranchi, Chota Nagpur, Valley soil, Clay, ]df fi'l) 

Cawupore, United Provinces, light loam (Gangetie alluvium), pH 7*6 
Kalianpur, United Provinces, Randy loam, pH 7*3 
Karimganj, Sylliet, Heavy loam (Paddy soil), pll 4*1) 

'I'hc tables whiclv follow give the results obtained with these soils. 



J. H. WALTOM 


43 


Table VIII (o). 



Table VIII (f>). 


Nilrifieation in Kalol soil. 


— 

Nitro- 
gen as. 

Initial. 

5 Mgms. nitrogen added per 100 gms. soil. 

Nitrogen af(r«' week. 

1 

2 

Hi, 

3 

' 4 

n 

0 

s 

r 

N()3 


0*8 

2:1 

30 

4*5 

ry7 

OO 

(i-t; 

Soil 4 -Cyaiia- ^ 

N ()2 


0-02 

0()2 

002 

002 


()-03 

003 

inidc. 






) 







7-8 

ry() 

0-7, , 

;-7 

2-9 

2r> 


r 

NO 3 

0-5 





4-2 

r>-4 

rvi 

Soil alone 

NOj 

0-04 

.. 



. . 

()-02 

O’OG 

01 1 

1 

Nil, 

2-4 

•• 


•• 

•• 

2*5 

1-3 

•• 
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NITRIFICATION OP CALCIUM CTANAMIDE IN SOME INDIAN SOILS 


Table VIII (c). 


Nitrification in Kalol soil. 




5 Mgms. 

nitrogen 



added per 100 gms. 



soil. 

— 

Nitrogen as 




Initial. ' 

After two 
months. 

f 

NO 3 


9-6 

Soil-fCyanainide . . . . . . 




1 

NH 3 

• • 

3-9 

r 

NO 3 

0-4 

4*5 

Soil alono . . . . . . . , ^ 

NH 3 

3*8 

3-4 


Table IX (a). 

Nitrification in Cliinmrah soil. 
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Table IX (b). 


Nitrification in Chinsurah noil. 



N it ro- 

jiH 

I nit.ial 

5 Mgms. nitrogen added per 

100 gins, soil as cyanainide 


10 Mgms. nitrogen addl'd per lOi) gma. soil as eako or ainmt)nium 
sulphate. 




Mgius. 

niirogi'u 

after week. 



1 

2 

4 

0 

7 

10 

14 

21 

r 

NO, 


()(l 

0-8 

i:» 


3* 6 

.VI 

M 

7-2 

Soil f-Cyanamide 

NO, 

. . 

004 

OOti 

0 02 





0-01 

1 

Nil, 

•• 

70 

5-0 

2:j 

0-8 

1-3 

20 


10 

r 

NO, 


10 

1-3 

20 

(j-O 

6-3 



10*8 

Soil f Ammonium < 

NO, 


0-01) 

0 02 

002 



0-03 


0*03 

Bulphato. L 

NH, 



4‘5 


i:5 

0-S 

2-0 

3-4 

0 0 

r 

NO, 


0-8 

00 


6-0 

:rt 

6-8 

7-2 

0-6 

Soil + Cako . 

NO, 


0 08 

01 2 

0 0 1 


0 02 

0-0.') 


0-0 

1 

Nil, 


5-2 

0-2 

3-4 

1-3 

1-7 

1-7 

3*4 

1*4 

r 

NO, 

O-l 



21 

4*8 

3-6 

:»•! 



Soil alono . . < 

NO, 

oo:> 



002 


0 02 





NH, 




2-1 

nil 

0-8 

21 




Table IX (c). 

Nitrification in Chinsurah soil. 
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NITRIFICATION OF CALCIUM CYANAMIDE IN SOME INDIAN SOILS 


Table X (a). 


Nitrification in Sialkot soU. 


— 

1 

Nitrogen 

as 

30 Mgms. uitr(»gon added per 100 gms. soil. 

Mgms. nitrogen after week. 

m 

2 

3 

B 

0 

8 

r 

NO 3 

traces 


1*5 

1*2 

1*5 

2*7 

Soil'I-Cyanamide . 

NOa 

traces 

. . 

. . 


. . 

. . 

1 

NII 3 

20-2 

19*3 

23*5 

231 

20-2 

20*2 

r 

N()3 

8*3 

25*5 

30*0 

27*8 

27*8 

29*3 

Soil fArnmoiiiuni aulohatc 

NO^ 

2*4 

U*5 

01 

0*1 

0*1 

0*1 

1 

Nila 

0*7 

.3*4 

2*5 

4*2 

2*2 

3*4 

r 

NO, 

0*8 

17*3 

20*3 

21*8 

23*3 

20*3 

Soil 1 -Cako . . . .s 

NOa 

ri 

()*1 

traces 



. . 

1 

Nil, 

1*2 

4*2 

2*5 

2*1 

’ 3*4 

• • 

r 

NO, 

1*5 

1-5 

2*1 

2*1 

2*7 

3*6 

Soil alono . . . .< 

NO., 

•nil 

nil 

01 

nil 

0*1 

0*1 

1 

Nu; 

2*5 

3*4 

0*8 

4*2 

3*4 

4*5 


Table X (6). 
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Table XI (a). 

Nitrification in Ranchi Upland soil. 


30 ■Vf-IMH. iiltroi'eu add 'd per 100 f'ms. Btn’I, 


— — 

Nitrogen as 

MgtuB. nitrogen found aft»‘r wi'ek. 

1 

‘2 

4 

a 

10 

li 

18 

20 

24 

2S 

30 


NO, 

0 0 

10 

(races 

trace.s 

trace's 

f races 

( race^ 

( races 

( r.iei s 

11 

10-8 

Solid Cyanamidc 

NO, 

1 r.'ict's 

traees 

traces 

( raees 

Iract-s 

( rac«-s 

traces 

I racj's 

0-1 

3 (5 

()•() 

[ 

Nil, 

20-4 

22-4 

18-8 

2(f0 

18-8 

20-8 

18-1 

18-4 

172 

1 1-2 

6-8 

f 

NO, 

on 

()•« 

2-7 

3-3 

3-6 

4-2 

«•() 

o-o 

0(5 

0-(5 


Soil -f- Ammonium "S 

NO, 

trac('s 

f races 

traces 

( races 

( rac4‘S 

(races 

1 races 

traces 

( races 

1 races 

traces 

sulphate. I 













L 

Nil, 

2(5 -1 

28 -S 

2()-8 

10-2 

17-0 

18- 1 

10- 1 

1(5 cS 

1 4\S 

13(5 


r 

NO, 

()•■» 

1-2 

(5- 3 

12-0 

13-2 

13-2 

lS-0 

120 

13-2 

10-8 


Boll f Cake . A 

1 

NO, 


01 



0-1 

nil 

0-5 

01 

O-l 

01 


[ 

Nir, 

1(1-0 

is-s 

00 

7-2 

1-8 

1-8 

11) 

:;-(5 

2-8 

3-2 


( 

I 

NO, 

I-:. 

i-r. 


21 

2-7 

2-t 

21 

21 

30 


3-(5 

Soil alouc . .-s 

NO, 

nil 

nil 

nil 

ml 

n il 

nil 

n,l 

nil 

nil 

nil 

nil 

1 

NM, 

1 

0-S 

0-4 


0-1 


i 

nil 

0-1 

{)-H 


1(5 


Table XI (6). 


Nitrification of cyaiumiide in Ranchi Ujjhmd soil. 


— 

Nitrogen 

as 

r» uiln»<^eii addt'il per 100 ljois. noil. 


M.mDs. nilrn;;,*!, 

afkr wot'k. 


1 

2 

i 

4 


12 

r 

1 


09 

1-5 

e 

6-4 

0-0 

()-6 

Soii-f Cyanamide . 

1 

NOj 

nil 

nil 

nil 

nil 

nil 

1 

NH, 

4'4 

2-8 

0-4 

0-8 

0-8 


Contiol soil alone, See Table XI (a) above 
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Table XII (a). 


NitrijicaLion in Ranchi Intermediate soil. 


— 

JVitrogfii as 



30 M?ms. nitrogen added per 100 

gms. 1 

soil. 




AlgttlB. 

nitrogen [xt 100 gins, soil after week. 



1 

2 

4 

6 

10 

14 

18 

1 

20 

24 

28 

32 

r 

NO, 

0-3 

O-fi 

nil 

trace 

traci! 

trace 

2-7 

4-8 

120 

13-2 

21*6 

Soil+Cyanamldo 













1 

Nil, 

20-4 j 

23-6 


22- 4 

20- 4 

20-8 

19-2 

15*2 

10 0 

'6-2 

1*6 

r 

NO, 

0*51 

1-2 

0.7 

00 

(>•0 

10*8 

i:3-2 

12-() 

14-4 

13-2 

19-2 

Soil + Animonium •< 













Bulpliato. t 

Nil, 

2:>-2 

25-2 

1G« 

10- 4 

l.j'2 

13-2 

12-S 

12-0 

10-0 

8-4 

7*0 

r 

1 

NO, 

0-2 

00 

2-7 

120 

14-4 

21-(> 

24-0 

24-0 

24-0 

16-8 


Soll+Cako . .< 













1 

Nil, 

140 

19-2 

12-8 

7-2 

4.4 

2-8 

10 

1-2 

1-8 



r 

NO, 

11 

1-2 


1-4 

2*1 

21 

m 

1*8 

27 

30 

80 

Soil alono . M 













1 

! 

Nil, 

0-4 

10 


0-8 

1*0 

1-6 


0*4 

0-8 

10 

0*8 


Only traces of nitrite were ever found. 


Table XII (6). 


Nitrification in Ranchi Intermediate soil. 


* ) 

Nitrogen 

as 

6 Mgms, nitrogen added per 100 gms, 

. soil. 

Mgms. nitrogen found after week. 

■ 

2 

4 

8 

12 



Bj| 





’ f 

ISO, 


1-1 

4-8 

60 

6-0 

Soil-hCyanamido . 








NH, 

■ 

■1 

0-4 

0*8 

1*2 


For soil alone see Table XII (a) above. 






































fi. waLton 


49 


Tablk XIII (a). 


Nitrijimtion in liancM VaUeu soil. 



(July traces of nitrite were ever found. 


Tabli^ XIII (h) 


NilrIJicallot} in Ranchi VaHcfj soil. 



For soil alone, see Tab^e Xlll (a) above. 


ii 
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NITRIFICATION OF CALCIUM CYANAMIDE IN SOME INDIA’N SOILS 


Table XIV (a). 
Nitrification in Cawnpore soil. 



Niiro- 
j'c n as 


:io Mgiiia. 

tiitrot't u ud<lid lar 

loo KOns. 

soil. 






nitro^ieii 

found 

after week. 



1 


0 

10 

14 

1(1 

■ 

mm 

29 



NO, 

truer 

1*1 

o-n 

O-O 

00 

o-s 

00 

oo 

0(1 

Soil 1 (j>an;iiiiMc 

• 

NO, 

(rae** 

oo;i 


f raec. 

nil 

1 v.iee 

1 IMfr.s 

tract!. 

uU 


1 

Nil. 

1.V2 

1 1'8 

14 

11 .s 

1 

140 

120 

12-2 

12-4 

10 0 



NO, 

120 

21(1 

210 

31-2 

20 ■ 1 

2()-l 

210 

210 


Soil 1 Ainmonluin 

} 

NO, 

0-72 

00(5 

oot 

oo:j 

002 

0 o:; 

on:. 

0-0 a 



1 












L 

Nil, 

7-2 

2-M 

1(1 

21 

21 

21 

21 

20 



r 

NO, 

l'l-.s 

l:e2 

ni-.s 

20- 1 

21 0 

210 

21-0 

210 , 


Soil 1 euk(! . 

■ 

NO, 

0 l.S 

0 01 

0 02 

0 -(r 2 

l)'()2 

(1 (l2 

0 00 

0 1)1 



1 

L 

Ml, 

20 

!•() 

1 (’) 

2-S 

2U 

2 0 

2-1 

lO 



r 

1 

NO, 

1 7 

2 0 

2) 0 

:;-i> 

;; 0 

1-2 

1-2 

a-l 

oo 

Soil aloiiti 

1 

■i. 

NO, 

t IMe. J 

Utllv 










Ml, 

OS 

1 '■ 

0> 

•2 (» 

2 0 

(!■ 1 

1-2 

1 0 

2-1 


Table XIY {h). 
Ni'rification in Cawnpore soil. 



*. 


.'Mgtt'S. nitrogen added |M r llM) gro-^. 

.soil. 


— 

Nitro- 
gen) as 


iMgnis. iiilrogen foinal afU'i* 

week. 




1 ' 

1 

2 

(i 

U) 

14 

It) 

21 

25 

Soil-}- Cyan a- C 

iNO, 

2-7 

4\S 

0*4 

(it) 

()•() 

t)-0 

7-S 

7-8 

iiiidc. 

NHa 

2*4 

I'l) 

Id) 

ll> 

1*0 

Mi 

2-0 

O-S 


For soil alone, see Table XIY (a) above. 
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Table XV (a). 


Ntlrijicalion in Kalianpur soil. 


— 

i 

Mt ro- 
d'll as 



JIO M'^tiis. uitrovi'ii a. lilt'd iit r !•!(» : 

.;iio. .-'oil. 







fouial .lilt r wf. 

•k. 



1 

2 

(» 

10 

11 

10 

21 

•2,. 

20 

■ 

f' 

NO, 

fraoi- 

O-S 


0 0 

ON 

or. 

ON 

OS 

O-S 

Soil i Cjaminjidc .■< 

NO, 


NV\.r 

inon* tJia 

11 Ir.ui's. 






1 

Nil, 

11-2 

12- 1 

iO-S 

12 4 

12-8 

10 :] 

1 1 2 

to I 

S 0 

r 

NO, 

0 

:r\ 

ID-S 

10-8 

irxi 

1 11 

10 S 

Ki'S 


Soil f Ajinnoiiiuin 

NO, 


NfMT 1 

lioilr 1 h.ill 

1 t 1 .IC( s 






sulplialo. 1 











L 

Nil, 

1 1 (1 

12-S 

(M 

0 ■' 


:i (i 

1 0 



f 

X(», 

1-:. 


12 (1 

1 0 S 

1 0 

11 1 

1 1 1 

I O-S 


Soil-I Cako . J 

N(S 

()'72 

(MS 


Ira-'i-. oiil\ 





1 

Ml, 

.Vu 


2 0 

( 0 

2-2 

2 ■> 

2 2 

21 


f 

NO, 

11 

1-2 

M 

1 8 

1-0 

1 l-.^ 

l-s 

•M 

2-1 

Soil aloiu! . . J 

NO, 


'1 rac. ; 

only. 







i 

Ml, 

1-2 


1 li 

.;-2 

2 1 

!)• 1 

0-1 

O-S 

2-1 


Table XV {!>). 
NilriJicalioH in Kalianpur sail. 





.\lgin-. iuli't.) 0 ( n adtU tl p< r 

loo -oos. 

MOl. 


— 

Nitro- 
gen as 



Mg ms. nilrogt'i) fiuintl afiVi- 

\Vt:(‘k. 





I 

2 

(> 

10 

11 

10 

1 

21 

2. > 

Soil -f-Cy ana- C 

-NO, 

t lat-o 

21 

2 1 

4-2 

2 1) 

¥ 

o 

1-2 

12 

mide. < 

Ml, 

2\S 

24 

1*2 

2*4 

i-o 

1 

2 0 j 

2'0 

1 

O-S 


') 


For soil alone, see Table XV (a) above. 
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Table XVI (a). 
Nitrification in Karim ganj soil. 


- - 

Nitro- 
n aa 

;;0 nlirogi u adthal per 100 liins, soil. 



M^'tnn. 

nitroj^en found 

aft4’r week. 



1 

2 

0 

U 

1.') 

^ 10 

m 

D 

mm 


NO, 

tr.ov 

1 race 

1-7 

12 2 

1 1*1 

10-2 

21 G 

21 -0 

l.'i’G 

Soilf-(.'yan:iini(U: 

NO. 

Tract 

‘s only. 








L 

Nil, 

27-2 

27 0 

20 0 

i:i-2 

l:;() 

1 10 

11*2 

120 

1 20 

r 

NO, 

trace 

i 

ti.iee 

O-.'i 

0-8 

0-8 

0 0 

0 0 

0*9 

traces 

Sdil 1 Amnioiiiuiii 

NO, 


Al\va\^ 


1 Ul. 






flUll'lKitc 1 











L 

Nil, 

20 1 

2C-.S j 

28 0 

27*2 

20*2 

20 0 

■j|j| 

20*8 

2G'0 

r 

NO, 

traet' 

(race 

i-7 

4-2 

:io 

21 

H 

U-S 

2*0 

HoU 1 Cake . 

1 

NO, 

iraet* 

trace 

liaee 

tract* 

0*1 

01 


0*1 

01 

t 

Nil, 

1 c, S 

is-o 

10-2 

17*2 

1<)1 

ISt 

18*0 

IG-l 

17*2 

r 

1 

NO, 

tl.ie>* 

ll l.-e 

12 

:5*(» 

2 0 

20 

I'.t 

B 

trace 

.Soil alone . 

NO, 

liatc 



tracf 

(rate 

()() 1 

0*2 

out 


0*04 

1 

Nil, 



r>-r» 

:j*2 

2 0 

2*8 

4*4 

■ 

5*2 


TAIiLfc) XVI (/>). 

N ItriJicalioH in Karirnganj .soil. 



• 



:» Aljiins. 

ui’rogeii addetl jut HU) gins. 

Soil 




N it ro- 
gt*n as 



]M”tns nititt'y'e 

n I'oiintl 

alter ivee 

K. 





1 

- 

(i 

... 

1 1 

1.') 

10 

21 

28 

;i2 

Soil 1 Cyanamldc . 

Nb„ 

trace 

t raet‘ 

■ 

1*2 

:5*G 

4*8 

1*4 

2-7 

1*4 

Ml, 

7G 

80 

B 

l)-8 

.'i*0 

1 

5G 

7-2 

0-8 

0-b 


For -Soil alone, see T.ible XVI {a) 
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Table XVT (c). 


Nitrification w Karimganj soil. 





:u) Mil 

:nir!. nitro 

iren addec 
soil. 

1 jx r 100 uona. 

— 


Nitrorjon as 

Ariiins. uitrofitMi found a ft or week. 




1 

5 

8 

13 

17 

Soil-} Cyaiinmide 

f 

• \ 

NO^ 

NIL, 

traoc 

2S0 

trace 

28 0 

1-2 

300 

()-0 

KVS 

12*0 

1;V(> 

Soil-f-Ammoaiiini sulpliatc 

■{ 

NO, 

XTI, 

trace 

2rv8 

nil 

2l)'l> 

nil 

30-4 

nil 

2()-4 

trace 

31-2 

Soil + Cake .... 

* '/ 

NOt 

NIL, 

traoo 

I7-2 

trace 

12-8 

1-2 

220 

1-4 

is-s 

5*4 

20* t 

Soil alniio .... 

■( 

NO, 

NH, 

t race 
lO 

trace 

r>() 

1-2 

ti'O 

2-7 

4'S 

3MJ 

3-ti 


Table XVI (d). 
Nifrificafion in Karirntjanj soil. 


— 

Nitrop;en as 

o M^ins. nit roll'll added pcT lOO 
soil. 

.Mjriiis. ?iitr<>pren found after week. 

I 

- 

H 

13 

17 

Soil [ rynnaniide . . . 

No, 

Ml, 

tra«e 

s-t 

tiarc- 

s-s 

1 

3-(i 

■1*8 

7-2 


Soil alone, see Tabic XVI (c). 


In the Kalol soil with the 30 mgins. dose of nitrogen, nil lifieation of the ain- 
monium sulphate and cake had begun and given appreciable, (juantities of nitrate 
at the end of three weeks, but no nitrification of the cyanainide had taken place 
at the end of 15 weeks. Between the 1 5th and 20th weeks, however, vigorous 
nitrification of the cyanamide had set in, and the amount of nitTate found in the 
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20th week was not much less than that in the other lots of soil, and had reached 
tliose amounts by the twenty-fourth week. (Table VII a). When a 5 mgms. 
dose of nitrogen was given, nitrification proceeded slowly, and at the end of six 
weeks, 1*0 mgm. of tlui added nitrogen was nitrified. No further increase over the 
control was found in eight weeks (Table VIII 6), but on repeating the experiment, 
and doing tlie first estimation of nitrate after two months, all the added nitrogen 
was found to be nitrified. 

In the Chinsiirah soil, nitrification of cake and ammonium sulphate in the 30 
mgms. dose proceiMled slowly. Nitrification of the cyanamide began only betw'cen 
tlie twenty-fourth and thirtieth week (Table IX a). 

With the smalhir doses of 5 mgms. nitrogen, only 42 per cent, of the added ni- 
trogen as cyanamide. was nitrified in three months, and no further increase but a 
decrease was found aftiT seven months. About the samii proportion of the am- 
monium sulphate and cake (each added in doses to give 10 mgms. nitrogen), were 
nitrified. (Tables IX 6 and IX c). 

In Sialkot soil, there was no nitrification of cyanamide nitrogen in eight weeks 
with the 30 mgms. dose, but nitrification of cake and ammonium sul]3hate was rapid. 
In three weedcs ' ])er cent, of the ammonium sulphate nitrogen had been nitrified, 
and ()() p(‘r (!ent, of that of the cake. (Table X a). 

When the 5 mgms. dosii of nitrogen was given as cyanamide, nitrification was 
uncheck(‘d and 70 per cent, of the added nitrogen was nitrified at the end of the 
third w('ok (Table X b). 

Nitrification in llanehi Upland soil had previously been found to be very slow, 
or even n(‘gligible. From flic results given in Table XI (u), it will be seen that in 
fourfeen w(‘eks only 10 p(T cent, of the ammonium sulphate nitrogen liad been 
nitrified, and in twenty-four weeks only 22 per cent. The nitrogmi supplied in 
calv(». nil ri!i(‘d morc^. rapidly, and nitrification had started by the end of the fourth 
week, and 30 pen* eenf. had been nitrified by the end of the fourteenth w('(‘k, rising 
to fib ji(*r eimt. at tin' end of tin*, eighteimtli wei'k, but thereafter the nitrate eori- 
ient f(‘ll. No nitrification of the cyanamide nitrogen took place till after th(^ twenty 
eighth wt'ek, wdien set in vigorously, and 30 per C(‘nt. of the adibnl nitrogen was 
D'covered as nitral> after thirty weeks’ incubation. 

With the 5 mgms. dose of cy.ana,mid(‘ nitrogen, nitrification startl'd between 
the second and fourf h wt'eks, when fifl jier cent, of the added nitrogen was recovered 
as nitrate. (Table XI h). 

Nitrilieaiion in the Kanehi intermediate soil was more vigorous than in the 
U]>land soil. It again progressed more rapidly, and to a greater extent, when the 
nitrogen was sn])})lio(l as cake than when it was supplied as ammonium sulphate, 
and was weaki'st with cyanamide : the nitrification of cyanamide nitrogen had 
started by the end of the twentieth week, and by the tliirtv-second week Iiad sur- 
passed that of sulphate of ammonia. Thirty five per cent of the nitrogen of the 
i^ake had nitrified at the end of six weeks, rising to 73 per cent, after eighteen weeks. 
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With the 5 mgms. dose of nitrogen as calcium cyanamide, nitrification had 
started vigorously by the (uul of the fourth week, and about 70 per cent, was ni- 
trified by the eightli week. 

The Kanchi Valley soil, which consists of the line particles washed down from 
the higher levels, was much more favourable for nitrification than the other Ranchi 
soils. Nitrillcation of sulphate of ammonia luid started by the end of the second 
week, and by the eighth week 05 per (*ent. of tlu'. added nitrogen was recovered 
as nitrate, and this surpassed tin', corresponding figure for cake, namely 57 per 
cent. Nitrification of cyanamide a})peared to be starting at the end of the six- 
teenth week, and at the end of the (Aventy-lirst week 59 percent, of the added ni- 
trogen was recovered as nitrate. (Table Xfll u)* 

With a 5 mgms. dose of nitrogen as cyanamid(% nitrification had again pro- 
gressed well by the end of the Uh week. (Table XllI b). 

In the Cawnpore soil, nifrification of (*ake, and ammonium sulphate had start- 
ed at the end of one week Init was absent where the 50 mgms. dose of nitrogen had 
been added as cyanamide, even after twenty-nine weeks. (Table XIV a). When 
the dose of cyanamide was redii(;ed vSO as to add only 5 mgms. nitrogen, nitrifica- 
tion had proceeded so fast that/ in two wc'cks 5i per cent, of the added nitrogen was 
recovered as nitrate, and in ten weeks nitrification was complete. (Table 
XIV h). 

The Kalianpur soil gave rcvsnlts to some e.vtent similar to those of the Cawn- 
pore soil, in that wifli the thirfy milligrams dosi'. of niirogem, no nitrification took 
place in twenty-nine wei'ks wlnm this was added as cyanamide, but though nitri- 
fication of cjdxe and sulphnb* of ammonia look plac<*, it was slower than in the Cawn- 
pore soil, and not more than 50 peu' cimt. of th(‘ added nitrogen was recovered as 
nitrate. (Table*, XV <i). Wil h a. 5 mgms. dos(* of nilrogeui as cyanamide, nitri- 
fication took plae e ; but in tin; peaiod of fwenty-five weeks less than K) per eauit. 
of the*, added nilroge*!! was recov(;red as nitrate before, the tw(*nty-first week, and 
the ])roportioii was 08 j)(‘r cent, only in f in*. tw<‘nty -filth week. 

The results given ly tin* Karimganj soil wt*n^ a striking contrast to those given 
by all the other soils tested. t 

111 (lie first (*xp(*rimeul with this soil, iisiinj; the ::o mgms. doAc, less nitrate was 
recovered in the thirty two wi’ck p(‘rio(l of the exj)(*rimenf wlnui ammonium siil- 
])hate was added, than fnun the soil aloiu* and nitriti(*ation of cak(i was so small 
as to be negligible. On tin* oth(*r hanrl, when cyanamide was added, nitrification 
started bctwe(*n the sixth and eh'venth week, by tlni end of which time .52 pcT cent, 
of the added nitrog(*n was Te('over(*«l as nitrate ; the maximum rec'overy, 07 per 
cent, was found after the twentydVnirth week. (Table XVI e). This rc'sult was 
so unexpected that tin* experiment was rejieated (Table XVI r) and again no ni- 
trification of sulpha I (*. of amnn/nia was observed in seventeen we(*ks. The cake 
had begun to nitrify, but th<i cyanamide had b(*guii to nitrify b(.*tween the eighth 
and thirl 0(*nth weeks, though not, so rapidly as in the first experiment^ 
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With the 5 mgms. dose of nitrogen as cyanamide, nitrification was never very 
vigorous and only 24 per cent, was recovered as nitrate, after seventeen to nine- 
teen weeks’ incubation (Table XVI 6 & c). 

To see whether the presence of calcium cyanamide in a soil in which that subs- 
tance nitrified slowly or not at all, checked the nitrification of other sources of 
nitrogen, two lots of Pusa soil were set up, to one of which was added cake to supply 
30 mgms. of nitrogen per 100 gms. soil and to the other, cake to add 15 mgms. 
nitrogen per 100 gms. soil and calcium cyanamide to add a further 15 mgms. of 
nitrogen per 100 gms. soil. The Pusa soil taken was from a piece of land that 
had not been cultivated for some years, and in which the nitrifying bacteria were 
not very active. 

The results are given in Table XVII below. 


Table XVII. 
Nitrification in Pusa soil. 


— 

Mltrogen 

us 

:«) Mgnw. nitrogen added pjr 100 gma. soil. 



Nitrogen recovered after 

week. 



1 

2 

3 

1 

7 

11 

15 

20 

m 

28 

32 

f 

NO, 

0-9 

10*8 

13-2 

13*2 


21*6 

19*2 

19-2 



Soil . . . A 

NO, 

0-22 

0 02 

001 

trace 

trace 

trace 

truce 

trace 



\ 

NH, 

8-6 

5-0 

3« 

4*8 

4*4 

5*2 

4 0 

•1*8 


• • 

f 

NO. 

0-5 

traces 

truces 

traces 

2*7 

7*8 

7-2 

9*6 

13*2 

120 

Soll+«qual parts oako aud-j 

NO, 

004 

00 4 

0 03 

009 

O-OO 

traces 

nil 

nil 

nil 

nil 

Cyanamide. . . • t 

Nil, 

6-4 

124 

132 

12*8 

12*4 

11*2 

9*2 

in 

H 

4*0 


The presence of the cyanamide had therefore prevented the nitrification 
of the cake for the first eleven weeks ; and in three weeks the cake alone supplied 
as much nitrate as the mixture did in twenty-eight weeks. The highest nitrate 
figure for cake aloixe was 21.6 mgms. in the fifteenth week, and that for the mixture 
only 13.2 mgms. after twenty-eight weeks. 

A further series of experiments was therefore started, using a different batch 
of Pusa soil, to see if the nitrification of sulphate of ammonia was hindered in the 
same way as that of cake. Five lots of soil ^yere used. The treatments were as 
follows : — i 

I. Soil H- Ammonium sulphate to add 30 mgms. nitrogen per 100 gms. 
soil. 

11. Soil -1- Ammonium sulphate to add 15 mgms. nitrogen, per 100 gms. 
soil, allowed to nitrify for one week, then cyanamide added to sup- 
ply a further 15 mgms. nitrogen per 100 gms. soil. 
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III. Soil + Ammonium sulphate + Cyanamide, each to add 15 mgms. 

nitrogen per 100 gms. soil. 

IV. Soil + Cyanamide to add 15 mgms. nitrogen per 100 gms. soil, then 

after one week, sulphate of ammonia added to supply a further 15 
mgms. nitrogen per 100 gms. soil. 

^V. Soil + Cyanamide to add 30 mgms. mtrogen per 100 gms. soil. 

Nitrate, nitrite and ammonia was estimated at the end of 1, 2, 4, 
6 and 8 weeks in each of the five lots of soil, and the results are 
shown in Table XVIII below, 


Table XVIII. 


Tieatnieiit. 

Nitrogen as [ 

Mgms. nitrogen per 100 gins, soil after week. 

r 

1 1 

2 

f 

i 4 

f) 

8 







r 


NO 3 

4*5 

120 

27*0 

330 

300 

I 

. 


• 


• 

A 


NO, 

5-8 

traces 

traces 

trat'cs 

traces 







1 


NTi; 

18*0 

5-4 

4*8 

00 

3*« 







r 


NO 3 

4*5 

4*5 


5*3 

3-8 

II 

. 

. 

• 

. 

. 

A 


NO 2 

7-8 

0*0 


3*7 

tracies 







1 


NTT 3 

120 

10*8 1 

IKO 1 

180 

19-2 







r 


NO 3 

1*2 

2 *:i 


3*0 

3-0 

III 

• 

• 

. 

. 

• 

A 


NO., 

10 

0*1 


0*2 

traces 









NH 3 

20-4 

21*0 


24*0 

1 10*8 







f 


NO 3 

1-2 

:i o i 


3*0 

3*0 

IV 

, 

• 

, 

• 

. 



NO, 

nil 

1*3 

nil 

nil 

nil 







1 


nh; 

10’2 1 

21*0 

22*8 1 

22-2 

180 







f 


NU 3 

1-2 

l ;8 

3*0 

30 

3*0 

V 

, 


• 

. 

. 

A 


NO, 

n il 

V il 

nil 

nil 

nil 







\ 


Nil, 

S’4 

120 

, 130 

15-0 

13-8 


The adverse effect of the cyanamide on the nitrification of siilphate of ammonia 
is clearly indicated. 

From II, it is seen that the nitrification which started is stopped by the addi- 
tion of the cyanamide, and III & IV show that in the soil with addition of cyanamide 
at the same time as, or a week before, the addition of the* sulphate of ammonia, 
* nitrification is almost negligible. 

The persistence of the nitrite nitrogen in 11 is to be noticed. 

From Table V (a) it is seen that when 5 mgm. cyanamide nitrogen was added 
to Pusa soil, no nitrification took place in the first ten weeks. A further experi- 
ment was therefore started with two lots of Pusa soil. To e ch of them four mgms. 
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nitrogen per 100 gms. soil was added as ammonium sulphate, and allowed to ni- 
trify for two weeks. At the end of this time, nitrogen as cyanamide was added 
to one lot of soil at the rate of 5 mgms. per 100 gms. soil and at 30 mgms. to 
the other, and estimations of nitrate, nitrite and ammonia done before the addi- 
tion of the cyanamide and afterwards at the end of the first, second, fourth and 
sixth weeks. The results are given below. 


Table XIX. 


- — 

Nitrogen a.s 

Mgms. nitrogen per 100 gms. soil. 

Before 

addition 

of 

cyan a • 
mido 

After addition of cyanamide — 
week. 

■ 

2 

4 

() 

f 

NO;, 

4-5 

r>*3 

0-8 

7-5 

9‘0 

♦Soil l-r> nifrrn.s. <1 ohc Nitrogen aa cyaim-^ 

1 

NO, 

nil 

nil 

■nil 

nil 

nil 

miclo. t 

Nil., 

3*() 

4-8 

3-6 

2-4 

2*4 


NO 3 

IT) 

3-8 

3-8 

4o 

GO 

♦Soil 1 30 ingnis. dost' Nitrogon as*< 

NO, 

nil 

n il 

nil 

nil 

nil 

cyanamide. 

Nil 3 

H 

Jo*(> 

13-2 

12(3 

U )-8 


From these results it appears that nitrification unchecked when 

the 5 nignis. dose waj^ added, but wavS chocked by the 30 mgms. dose for from four 
to six weeks. 

Experiments in this laboratory have shown that when cake or sulphate of 
ammonia nre added to Pusa soil so as to add 90 mgms. of nitrogen per 100 gms. 
soil, no accumulation of nitrate takes place, and ammonia produced by the nitri- 
fication of cake or added as sulphate of ammonia, gradually disappears. Soil 
from the borders of manure ])its could liowever nitrify these quantities of am- 
monium sulphate or cake, and soil in which nitrification of 30 mgms. nitrogen per 
100 gms. soil had proceeded for six weeks, and had then been washed free from 
nitrate, was able to nitrify up to 120 mgm. of added nitrogen per 100 gms. soil. 

The nitrification of cytinamidc in soil from the edge of a manure pit, was next 
investigated to see if in this soil cyanamide would nitrify readily or not. 
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Three lots of soil were taken, and cyanamide added in quantities to supply 
5, 15 and 30 mgms. nitrogen per 100 gms. soil respectively. 

The results arc given in Table XX below. 


Table XX 


Nitrification of cyanamide in soil from edge of manure pit. 


Amount of as cyaiianiido 

added per KMl gms. soil 

Nitrogen as 

Mgms. 

nitrogen por 100 gms. soil found after 
week. 

■ 

2 

■ 

B 

8 



NOa 

2‘l 

1-8 

4‘5 

5*4 

7*5 

5 mgms . . . . 


NO, 

01 

10 

1’2 

ti’aces 

tracos 

1 


Nil., 

1 100 

100 

8-4 

30 

21 


r 

NOa 

2-4 

SO 

7-2 

10*5 

11*2 

15 mgms. . . . . 

1 

1 

NO, 

01 

0'2 

tracos 

tra(;('.s 

tracos 


L 

Nffa 

i:i:i 

ir>o 

8-4 

7-8 

5-4 

1 

r 

NO;, 

2-4 

2*4 

3-8 

3*8 

3-8 

SO mgms. . . . . .•< 


NO, 

01 

01 

tracos 

< rjK^cs 

tracos 

1 


Nila 

18-5 

Its 

I4'3 

8-4 

l()-2 


Thus with the 5 mgms. and 15 ragms. dose nitrification had made fair progress 
by the fourth week, and continued steadily for the n^maining four wt^eks of the 
experiment. The 30 mgms. dose again checked nitrification. 

A further attempt was then made to try and nitrify cyanamide when this was 
added to supply nitrogen at the rate of 30 mgms. per 100 gms. soil. 

Manure pit soil was allowed to nitrify ammonium sulphate, the nitrate washed 
out, and cyanamide added to supply 30 mgms. nitrogen per 100 gms. soil. As 
a check, and to make sure that vigorous nitrification could take place in the soil, 
to a second portion of washed soil, sulphate of ammonia was added to supply an 
equal quantity of nitrogen. The results of this experiment are given in Table 
XXL 
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Table XXL 


NitrificMion in soil from edge of manure 'pit, washed to remove 
excess of nitrate after nitrification of ammonium sidphate. 


— 


Nitrogen as 

Initial. 

an AFgins. niOogcri arkli'fl per 100 g»ns. 

Mgms. nitrogen per 100 gm.‘<. soil fouml 
after week. 


B 

2 

B 

0 

1 

8 


r 


■ 

0.0 

0-8 

90 

120 

13*5 

8oiH CTftnaniide . 

1 

NO, 


01 

o;i 

traces 

traces 

traces 


1 

L 

NH., 

■ 

10-8 

20-2 

12-0 

11-4 

10-2 

1 


NO3 

m 

IU-5 

ao-0 

34-8 

. . 

. . 

8oil 1- Aniiiionium Sulphfit(i*< 


NO, 


it 

nil 

71 il 

•• 




NUa 

■ 

0-7 

! 

11-8 

o-o 

1 

•• 


At the end of the fourth week, the soil to which the STilphate of ammonia had 
been added was washed free from nitrate, cyanamide added to s\ipply 5 mgms. 
nitrogen per 100 gms. of soil, and again incubated. The nitrogen recovered after 
1, 2, and t weeks' incubation is shown in Table XXII, 


Table XXII. 


Nitrification of cyanamide in manure pit soil from the previous 
experiment Sail washed f7'ce from nitrate, and cyanamide added 
to supply 5 mgtns. nitrogen per 100 gms, soil. 
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ilcre for the first time in a Pusa soil we find an ajjpreciable (quantity of nitro- 
gen supplied as cyanainide at the rate of mgms. nitrogen })er 100 gins, soil being 
nitrified in an incubation period of four to eight weeks. Nitrification of a 5 mgni. 
dose proceeded more rapidly in this washed soil than it did in ordinary Pusa 
soil in which a 4 mgm. dose of nitrogen as sulphate of ammonia had been allowed 
to nitrify for two weeks before tin* addition of the cyaiiami(b» (Table XfX). 

As nitrification of cyanamkhi was found to take place in Ihisa soil which poss- 
essed an exceptionally high nitrifying power, the. addition of a culture of nitrifying 
organisms to ordinary Pusa soil was tried to see if by tliis means niti-ilication of 
cyanamidc could be stimulated. 

To each of three lots of Pusa soil, cyanamidc was added to suj»])ly nitrogen at 
the rate of five, fifteen and thirty mgm. p(‘r 100 gms. soil. A culture of nitrifying 
bacteria was added, the soils incubated, and tin* usual esiimations done at inter- 
vals through eight weeks. The results are given in Tabk' XX 111. The amount 
of nitrate added wdth the nitrifying culture has been subtracted from the figmes 
for nitrate. 


Taulk XXllI. 


N itrijicafton of vijannunde in Pusft soil lo ir/iirh (i aillan* 
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NITRIFICATION OF CALCIUM CyANAMIDE IN SOME INDIAN- SOILS 


Nitrification has proceeded well with the 6 mgms. dose and with the 15 mgms. 
dose the same quantity of nitrate was recovered as with the 5 mgms. dose. 

The 30 mgms. dose again retarded nitrification but not to such an extent as 
it did in ordinary manure pit soil or Pusa soil with no addition of nitrifying culture. 

Owing to the acid nature of the Karimganj soil, an additional series of ex])eri- 
ments was carritjd out, in which one per cent, by weight of calcium carboiiatt‘ was 
added to the soil, and the nitrilication of cake, ammonium sulphate and cyanamide 
again tested. The addition of the calcium carbonate changed the pll of tlie soil 
from 4*9, the original value, to 7*0. 

From the results of this series given in Tables XXIV (a) and (b) it is seen that 
nitrification of both cake and aniinonlum sulphate had started by the end of the 
fourth week and was going on actively till the end of the experiment, in the eighth 
week. When a 30 mgms. dos(‘ of nitrogen was added as cyajiamide, there w as no 
nitrification in eight wt'cks, and far less nitrate was found than was recovered from 
soil with the addition of calcium carbonate only. In the latter case the very large 
quantity of 12 mgms. of nitrate was recovered from the original organic nitrogen 
of 100 gms. soil. When only five mgms. of nitrogen were addl'd as cyanamide, 
nitrification was rather less tiaui in the control for the first six weeks of the experi- 
ment, but by the eighth wxM'k a. quantity of nitrate greater than that frojii the con- 
trol was recovered. 


Taule XXIV (a). 


Nltrijlcation in. Kari incjdnj soil to which I per co^L calcinni carbonate was added. 
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Table XXIV (6). 


Nitrijication in Karimganj soilwUh I per cent, calcium carbonate added, and r5 nignis 

nitrogen per 100 gms. soil. 



Nitrogen 
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Mgms. iiilrogoii fouixl after weet. 
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s 

r 
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Sanunarg. 

In all but one of the soils examinedT nitriiication of sul[)hat(^ of aninionia and 
of cake began before that of cyaiuiniide. 

When eyanainide was added in quantities to supply M) ingins. nitrogen per 
100 gins, soil, soine^"we(‘lvS always passed before uitrilicalion begaji, and in Pusa 
soil even after twenty six. in (Jawnpore and Kaliaiqiur soils, after twenty-Jiine 
weeks, nitri(ieatiou had not begun. 

Ill the llanehi soils, the belter the soil, the quicker nitritieation was in start- 
ing. In the Upland soil, it bi'gan after twenty eight weeks, in the [nterinediate 
soil after twenty^ weeks, and in the Valley soil it was just beginning after sixteen 
we(*ks, and was rajiid in the next five weeks. 

In Uhinsurah soil, vigorous nitrification did not begin till after the twenty- fourth 
week, but even after forty weeks less than half the added nitrogen was recovered 
as nitrate. 

In Kalol soil, nitrification started after the lifteeiith week. 

In 8ihar soil, nitrification of eyanainide was most rapiri. It started vigorously 
lietween the ciglith and tenth weeks, and l>y the end of tlu‘ fourteenth wa'ck, equall- 
ed that of sidphate of ammonia. 

The Karimganj soil is abnormal. Nitrification of the cyanamide start(‘d after 
the sixth week, mgms. nitrate nitrogen were recovered by the 1 1th week, and 
20*1 mgms. by the twenty-fourth. When sulphati'. of ammonia or cak<j was added, 
there was practically no nitritieation of <‘.ither of them, owing to the acid naturi*. 
of the soil. (kuTcction of the ac.idity^ by liming enable<l uitrilicalion to take ])l.ic(‘ 
readily with suljihate of ammonia and cake, but tiiaf. of (jyaiiamide had not start(‘d 
in eight weeks. 

When eyanainide was added in doses to supply 5 mgms. nitrogen per 100 gms. 
soil, nitrification began earlier than with 30 mgms. dose. In Pusa soil it was slow, 
but in form months s'xty per cent, of the added nitrogen was recovered as nitrate, 
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in the Cawnpore and Kalianpur soils in which, with Pusa soil, there had been no 
nitrification of the 30 mgms. dose, sixty and forty -oi^ht per cent, respectively of 
the added nitrogen was recovered as nitrate at the end of ten weeks. 

When 30 mgms. nitrogen per 100 gms. soil, are added to Pusa soil, halt as cake 
or as ammonium sulphate and half as cyanamide, the cyanamide prevents nitri- 
fication for several weeks. 

In Pusa soil of (exceptionally high nitrifying power, in which 30 mgms. am- 
monium sulphate nitrified in a w(*ek, iiitrilication with the 30 mgms. do.se of cyana- 
midc began by the first week, and went on slowly till nitrate equivalent to thirty 
per cent, of the added nitrogen was recovered after eight weeks. 

Cowie* found no evidence of nitrification of dicyanodiamide after several months, 
in some English soil, and that dicyaimdiamide is toxic to the nitrifying organisms 
and stops the normal oxidation of ammonia in soils containing ammonium sulphate, 
as well as that of the ammonia produc<‘d from cyanamide in soils. He found that 
the cyanamide readily broke down in jj^ie soil, yielding ammonia, which then 
nitrified in the usual way. 

The cyanamide used in our experiment with the Indian soils was free from 
dicyanodiamide, but nitrification with the large dose, 30 mgms. p(‘.r 100 gms. soil 
was always retarded lor some weeks, even in soils wh ch nilrilied cake or ammonium 
sulphate vigorously, and in which a large part of the cyanamide was recovered 
as ammonia after an incubation period of one week. The addition of cyanamide 
seems to give rise to some factor inhibiting thc^ action of th(‘. nitrifying organisms 
in the soil, and until this disappcnir.'^ the normal iiitrilication processes do not 
begin. 

1 have to thank my assistant-s, Messrs, liar Dayal Singh, B.Sc., and 13. K. Das 
Gupta, 13.A., for the help tliey gave with the analytical work. 


Cuwk' * Dccumpofiitioii of Cvanainidc and l)ic\aiiO'liauiid(* in the soil. Jttur, Siiv.nca, 
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mologist and the Imperiul Entomologist). Price, As. 10 or 1«. 

No. 1C9. The Stem-blcedimz Disease of Arecamit [Araca caUchu) caused by Thielariopsl'i parn^Joxa 
Von lion., by S. SuNDAiiARAiiA v, jla., E. Krisiixan Navau and T. S. liAMAKt'isiiKAjr, 
M.A. Price, As. 9 or b*. 

No. 170. Seasonal Vari.iiion.s in t])o (leiin Content ot Milk at Pnsa, by J. 11. Waltox, ala., ai.&c. 
Price, As. 0 or hd. 

No. 171. The Jinprovenient of Indian Wheat. A Ihief .Summary of the InvestigatioiLs curried out 
at Ihisa from lUO.") to 1924, including an account of the new Pusa Hybrids, by Albert 
ilowMiD, c.r.i;., ALA., and (l.sr.KiKLLi: L. C. llowAr.i), ala. Price, A.s. 8 or l(k/. 

No. 172. The MechanicLil Arialysis of 'J'ropical .'^oils, by ,1. CnA]:LTo.v, A[.se., F.i.r. I’rice, As. 3 or 4d. 
No. 173. Occurrence of 'J'richoinoiiad Pl:mcllatc.‘, in the blood stream of Fowls, by Kvoii Coopeb, 
Ai.u.c.v.s^., ami Aaiak Xatu Oulat], Pii< <', As. 3 or 4d. 

No. 174. Unit System for Farm Buildings, l)y tb S. llKNni:i{su>', .\.I).a., n.d.l. Price, As. 5 or 6cf. 
No. 175. A Com [»a rati VC St«j<ly of the methods ot prei>aiation of the Soil tf)r the Mechanical Ana- 
lysts, with a XoU* oil the Ihiu-tte ^lethod by Aaiau Nath Ptia, lii.n., and B. !M. Aaun, 

B. A. Price, As. 4 or 5d. 

No, 170. A Method ot iiKuea.sing the ^bumrial \*alue of Mahua (ViKc, by N. D. Vva.s. L.Ag. Price, 
As, 4 or (\d. 

No. 177. RouCrol and Sclcioti.il s ot \\ heat, by L. S. Si miAMAMT Ar. i .l.s. Pi iiv, As. I or .V/. 

No. 178. A Study ol the J.oeiilar Compositif'n in Cambodia Cotton, by V. Raman.atjian, L.Ag. 
Price, A-^. 7 ni- 9d. 

No. 170. A Leaf Sjuit and P>Iiylit Di.st-a.'^e of Onions, cau.sed by Altcrnaria palundui nov. sp., by 

C. RaN<5AS\VAMI AVVANGAII. ////.Vn', ) 

No. 180. Stein-rot of Bcr.'^eem. caused by llhizo Vmiit Solaiu Kiibn, by Mn. Taslim. Pri( ( , A-. S 
or \uL 

No. 181. Life llj.story, Bionomics anti Control uf Mi/Hovfru,'^ maenh^su.'?, ];esb. (CurculioniiLc r. 

Cblcoptera), by Kidai: N'a’ih FniirAS, .m.sc, {In the pmv.s*.) 

No, 182. Jnvostigatjons in' the ihicteriology of Silage (1920-27), by J. 11. Walton, ila., li.sc. 
Pi'iet-, o Ol ixl. 

No. 183. A Milk Fcrnienting Voa.st, by C. S. Ram Ayyah, b.a. Prin , A.-. :> nr nd. 

No. 184. last of Pnbliealiona on Indian Fmtomoh^gy 1027 (Compiled by tiie Imperial Eiitoaiolpgisw). 
Priei', As. ti or t'</. 

No. 186. The cultivation of Lac in the plains of India, Lneeijera lacca, Keir., by C. S, Misra, 
B A. (Revised Fdition.) {In iht 2)retiS,) 

No. 180. A preliminarv note on tlie rice crop in the United Provinces, by R. L. Si/iui. I'ru e As. 7 or 

9r/. 

Books 

Wheat in India, by ALumci’ m. A.n.f.-.., im..--., and (Iauiiii^llj: L. C. How'aui). ai. P rice, 

Us. .7 or 7,''. (I-/. 

A Deacription of th Impt-ii il rsntis ioloLC'al L.iboiatory, Mukt'-sar; Its \\ oik ami I'rodiicts, by 
Major J. 1). E. Holmes, m..a.. d.sc., m.r.c.v.s. Price, As. 8 or 9(i. Hindi and Urdu 
Editions, Rs. 2-4 each. 

Agiicuituie in Imba, b\ .1 • .mj s M ufnna, m i.( .s. Price, .As. 4 or od. 

Some Diseases of Cattle i’ India. A Handbook for fttock-owners. (Revised in 1927.) Price, Re, 1-4 
or 2.'». 

Repoit tm tlic DibuiM's <4 Silkw,,i:iis in Imha, by A. Puimolk Jamesun, d.^c. Price, Rs. V,. 

The Importance of Bacterial Action in Indigt) Alaiudaeture, by C. M. Hutchinson, h.a. Price, As, 2. 


Notice 

.....Albnowt.pjuhiieatioM.-j arc included in the abo\e list and arc roguiarly posted to all on the inailixij^ 
dist aa soon ^ 3 .icwue^>-.pnlc 3 s complaints of non-receitit of any publication are received by the MaiUl*.. 
genii' CoVerinuent ot indi^l^Ccntral Publication Br.inelL lm})crial Secioiariut Building, 3, Governments 
placet West, C-alcutte, wdllatvsix months o* tlie date of Usue, duplicate copies can be supplied only pit 
/ payment of cost and postage.'^ 
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